Relationships among nasal and "oral" sound pressures and ratings of nasality in cleft palate speech / by Bryan, George Albert,
T h is  d is s e r ta t io n  has  b een  64—3046 
m ic ro f ilm e d  e x ac tly  as  re c e iv e d
BRYAN, G eorge  A lb e rt, 1929-
RELATIONSHIPS AMONG NASAL AND "ORAL" 
SOUND PRESSURES AND RATINGS O F NASALITY 
IN C L E F T  PA LA T E SPE EC H .
T he U n iv e rs ity  of O k lahom a, P h .D ., 1963 
S p e e c h -T h e a te r
University Microfilms, Inc., A nn Arbor, Michigan
THE UNIVERSITY OF OKLAHOMA 
GRADUATE COLLEGE
RELATIONSHIPS AMONG NASAL AND "ORAL" SOUND PRESSURES 
AND RATINGS OF NASALITY IN CLEFT PALATE SPEECH
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
in  p a r tia l fu lfillm en t o f  the requirements for the
degree o f  
DOCTOR OF PHILOSOPHY
BY
GEORGE ALBERT BRYAN 
Oklahoma C ity , Oklahoma 
1963
RELATIONSHIPS AMONG NASAL AND "ORAL" SOUND PRESSURES 
AND RATINGS OF NASALITY IN CLEFT PALATE SPEECH
APPROVED BY
  —
■-^CCC-Jk. V
" C
DISSERTATION COMMITTEE
ACKNOWLEDCHffiNT
The w riter i s  deeply gratefu l to  Dr. Donald T, Counihan, the 
director o f th is  research, for h is  fin e  counsel and guidance in  the plan­
ning and completion o f th is  project; to  the members o f  the d issertation  
committee. Dr. John W, Keys, Dr. Howard B, Ruhm, and Dr. William W. 
Schottstaedt, for th e ir  helpfu l suggestions and encouragement; to Dr. 
Bruce R. Pierce for h is  helpful advice and assista n ce  in  the instrumen­
ta tio n  and cr it ic ism  in  the w riting; to  Dr. Floyd W. Emanuel for h is  
partic ipation  in  judging the speech samples; and to Dr. Edward N. Brandt 
and Mr. Robert Armstrong for th eir  assistan ce  in  the s t a t i s t ic a l  trea t­
ment o f the experimental data.
i i i
TABLE OF CONTEMTS
Page
LIST OF TABLES.................................................................    v l
LIST OF ILLUSTRATIONS..................................................................................................v i i i
Chapter
I .  INTRODUCTION......................................................................................................  1
I I .  REVIEW OF THE LITERATURE.............................................................................  5
Introduction  ..............       5
Terminology and D efin ition s o f N a sa lity .............................   6
Causes o f  N a sa lity ..............        8
The Nature o f  N asa lity ................      13
N asality  and A rticu la tion   .................................    19
The Measurement o f  N a s a l i t y . . . .» .............................    25
Devices to  Measure Nasal Emission o f  Air 
Devices to  Analyze Spectrum Changes 
Devices to  Measure Sound Pressure
I I I . DESIGN OF THE INVESTIGATION ............................................................  32
Subjects..........................................................................................................  33
Apparatus......................................................     3^
D escription
Audio Recording System 
Graphic Recording System 
C alibration System 
Playback System 
Signal System 
Calibration  
Nasal Microphone 
Dual-Channel Tape Recorder 
Power Level Recorder
Procedure..............          46
Speech Sample 
Recording Procedure 
In ten s ity  Measurements 
N asality  Ratings
IV. RESULTS................................................................................................................. 54
iv
Page
Sound Pressure M ea su res ......................................................................  55
Vowels
Sentences
N asality  Ratings....................................................................................   63
Vowels
Sentences
R elationships o f  Sound Pressure Measurements
and N asality  R atin gs. ..............................................    66
Sound Pressure D ifferences o f  Vowels and Sentences 
N asality  Ratings o f  Vowels and Sentences 
Sound Pressure D ifferences and N asality  Ratings o f  
Vowels and Sentences
V. CONCLUSIONS....................................................................................................... 78
Sound Pressure Measures...........................      80
N asality  R atin gs.  ........................................   82
Sound Pressure D ifferences and N asality  Ratings o f
Vowels and Sentencos..........................     83
BIBLIOŒIAPHY....................................................................................................................  90
APPENDICES.........................................................................................................................  95
A. Oral Examination....................................    95
B. Speech M aterials.......................................................................................   98
C. Instru ction s..............................................................................................  100
D. Nasal Sound Pressures  ...................................................................  104
E. "Oral" Sound Pressures...........................   10?
F. Nasal-"Oral" Sound Pressure D ifferen ces............................................  110
G. N asality  R a t in g s . . . . ....................................................................   113
LIST OF TABLES
Table Page
1. The n asa l-" ora l” sound pressure d ifferen ces averaged 
over a l l  subjects for each o f the s ix  vow els, expressed
in  d ec ib e ls , w ith the standard deviation  o f  each mean.................... 55
2 . Summary o f  the an a lysis  o f  variance o f  the mean n asa l-  
"oral" sound pressure d ifferen ces between the s ix  vowels
and between the twenty su b jects ....................................  «......... 56
3. The Duncan M ultiple Range Test for d ifferen ces among the 
nasal-"oral" sound pressure d ifferen ces averaged over
a l l  subjects for each o f the s ix  v o w e l s , . . . .   .......... 53
4 . The nasal-"oral" sound pressure d ifferen ces averaged 
over a l l  subjects for each o f  the s ix  sentences, ex­
pressed in d e c ib e ls , with the standard deviation o f  each
mean ................      61
5. Summary o f the ana lysis  o f  variance o f  the mean nasa l-  
"oral" sound pressure d ifferen ces between the s ix  sen t­
ences and between the twenty s u b j e c t s . . . . . .....................     62
6 . The median o f  the n a sa lity  ratings for the group o f
twenty subjects for each o f  the s ix  vow els  ..............  63
7 . The median o f  the n a sa lity  ratings for the group o f  
twenty subjects for each o f  the s ix  sentences played for­
ward and played backward.........................    65
8. Spearman rank correlation  c o e ff ic ie n ts  between the n asa l-  
"oral" sound pressure d ifferen ces o f  vow els, both in d i­
v id u a lly  and as a group, and those o f  the sentences as
a group................       68
9. Spearman rank correlation  c o e ff ic ie n ts  between the 
n a sa lity  ra tin gs o f  vowels, both in d iv id u a lly  and as a 
group, and those o f the sentences as a group, under con­
d itio n s  o f  forward and backward p la y . .........  69
10. Spearman rank correlation  c o e ff ic ie n ts  between the mean 
nasal-"oral" sound pressure d ifferen ces and the median 
n a sa lity  ra tin gs for the group o f vowels and the group 
o f sentences played forward and b a c k w a r d . . . . . . . . . . . . . . . . ........ 72
V i
Table Page
11. Spearman rank correlation  c o e ffic ien ts  between the 
n a sa l-“oral" sound pressure d ifferences and the
n a sa lity  ratings o f  each o f the v o w e ls . . . . . . . . . . . . . . . . . . . . . . . .  73
12. Spearman rank correlation  c o e ff ic ie n ts  between the 
n a sa l-“oral" sound pressure d ifferen ces o f  the sent­
ences and the n a sa lity  ratings o f  the sentences played
forward..................    75
13. Spearman rank correlation  c o e ffic ien ts  between the
nasal-"oral" sound pressure d ifferences o f  the sent­
ences and the n a sa lity  ratings o f the sentences played 
backward...............................................................................................................  76
14". Nasal sound pressures in  decibels for each vowel ty
s u b j e c t s . . . . . ........................................................     105
15. Nasal sound pressures in decibels for each sentence
by su b jects ................................................      106
16. "Oral" sound pressures in  d ecibels for  each vowel by
su b jects..................    108
17. "Oral" sound pressures in  d ecibels for each sentence
by su b jects  ...........................       109
18. Nasal-"oral" sound pressure d ifferen ces in  decibels
for each vowel by sub jects....................       I l l
19. Nasal-"oral" sound pressure d ifferen ces in  decibels
for each sentence by subjects................     112
20. Median n a sa lity  ratings for each vowel by su bjects....................... 114
21. Median n a sa lity  ratings for each sentence (forward
play) by su b jects..................      115
22. Median n a sa lity  ratings for each sentence (backward
play) by s u b j e c t s . . . . . ..................................................................................  116
v i i
LIST OF ILLUSTRATIONS 
Figure Page
1. Block diagram o f the nasal and "oral" audio re­
cording system..................................................................................    36
2. Frequency response curve o f the nasal microphone with 
the f i r s t  probe-tube, when the reference tone was
held constant at 100 db SPL. . . . . . . . 0 .................     38
3. Frequency response curve o f  the nasal microphone with 
the f i r s t  probe-tube and i t s  equalizing f i l t e r ,  when
the reference tone was held constant a t 100 db SPL.......................« 40
4 . Frequency response curve o f  the nasal microphone with  
the second probe-tube and i t s  equalizing f i l t e r ,  when
the reference tone was held constant a t 100 db SPL..............    41
5. Block diagram o f the ca lib ration  system as used in
ca lib ratin g  the nasal microphone..............       43
v i i i
RELATIONSHIPS AMONG NASAL AND “ORAL" SOUND PRESSURES
AND RATINGS OF NASALITY IN CLEFT PALATE SPEECH
CHAPTER I  
INTRODUCTION
N asa lity , a d efec tiv e  voice q u a lity  which in  la y  terminology i s  
"talking through the nose", has engaged the a tten tion  o f  speech scien ­
t i s t s  for many years. Most o f  them (1 , 42 , 33) agree th at th is  vo ice
q u a lity  r e su lts  from the influence o f the nasal c a v it ie s  upon the speech 
sign al and th a t the nasal ca v itie s  exert th is  in fluence because o f  a mal­
functioning velum.
In normal speech, the production o f  the nasal consonants [m],
[n ], and [q] i s  characterized by considerable nasal resonance. In addi­
t io n , other sounds in  normal speech involve certa in  amounts o f  nasal 
resonance, the l im its  o f  which are s e t  la r g e ly  by cu ltu ra l preferences.
For example, vowel sounds, idiich are resonated prim arily in  the ora l 
cav ity , are a lso  characterized by varying amounts o f  nasal resonance (51) ,  
However, i f  the velum does not function adequately in  c losin g  the naso­
pharyngeal port, an excessive  amount o f  nasal resonance may occur, pro­
ducing the vo ice  q u a lity  known as n a s a lity . While i t  i s  generally  agreed 
that the nasal c a v it ie s  play an inqxîrtant r o le  in  n a sa lity , the precise  
nature o f  th e ir  in flu en ce i s  not knowi. Some researchers (13, 46, 52, 6 , 
36) have reported complex d ifferences in  the frequency components o f  the
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speech signal in  nasal speech. Others (51) have reported d ifferences  
in  the rela tion sh ip  o f  nasal sound in ten s ity  to the in te n s ity  o f the 
to ta l  speech s ig n a l.
N asa lity  i s  generally c la s s if ie d  in to  two typ es, "functional" 
and "organic", depending on the condition o f  the velum. That i s ,  the
term "functional" refers to n a sa lity  that r esu lts  from inadequate use o f
a normal velum, while the term "organic" refers to n a sa lity  th at resu lts  
from dysfunction o f a d efective  velum. Various organic conditions o f  
the velum th at may cause i t s  dysfunction include para lysis o f a velum o f
normal length , in su ff ic ie n t  length of a velum of normal m ob ility , and a
repaired c le f t  velum that i s  short and immobile.
The c le f t  palate condition i s  one o f the most common causes o f  
organic n a sa lity . This condition, which i s  estimated to occur once in  
every 700 l iv e  b irth s in  th is  country (24 ), r e su lts  from a growth d is ­
turbance which prevents the union o f  the m axillary and median nasal pro­
cesses in  utero . The condition i s  characterized by a d irect communication 
between the oral and nasal c a v it ie s ,  and i t  has, th erefore , a s ig n ifica n t  
e f fe c t  upon speech. After surgical repair o f  the p a la te , some c le f t  
palate persons have an acceptable resonance balance. However, in  many 
post-operative cases, the velum may be inadequate for speech purposes due 
to  i t s  shortness and/or im m obility. In other cases, the velum may be 
adequate for some time a fter  surgery, but eventually becomes inadequate 
to c lose  the nasopharyngeal port. That i s ,  as the nasopharyngeal port 
enlarges, due to development o f the face and the atrophy of adenoid t is su e  
in  the nasopharynx, the velum must traverse a greater distance to contact 
the posterior pharyngeal w a ll, A velum that achieves a tenuous closure  
a fter  primary repair may be unable to meet th is  greater demand placed
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upon i t ,  and n a sa lity  may r e s u lt . The problem in such cases may range 
from a minor unpleasantness o f  vo ice qu ality  to a major resonance d is­
tortion  which reduces in t e l l i g i b i l i t y .
The nature o f  the c le f t  palate problem makes accurate speech 
diagnosis and evaluation o f  therapy im perative, and each o f these i s  de­
pendent upon r e lia b le  judgments o f  n a sa lity . Since n a sa lity  i s  held to 
resu lt from inadequate velar  valv ing, surgical and/or prosth etic  pro­
cedures are often employed to improve velopharyngeal c losu re. Accurate 
ratings o f n a sa lity  not only help determine the need for such procedures, 
but also f a c i l i t a t e  evaluation o f th e ir  e ffica cy  in  reducing n a sa lity .
In both c l in ic a l  and research s itu a tio n s , great dependence has 
been placed upon subjective judgments o f  the presence and sev er ity  o f  
n a sa lity . While subjective ratings o f n a sa lity  made by trained and ex­
perienced judges have been reported to be v a lid  (56 ), th ese ratings have 
certain lim ita tio n s . F ir s t ,  several researchers (56, 53) have observed 
that ratings o f  n a sa lity  may be affected  by other d efective  voice quali­
t i e s  or by m isarticu lations present in the speech o f  the subject. Sec­
ond, subjective ratings o f  n a sa lity  are u su ally  made by means o f rating  
sca les consisting  o f equal-appearing in terv a ls , and such sca les  do not 
permit a refined qu an tifica tion  o f n a sa lity . Third, since subjective  
ratings are based on perceived n a sa lity , they do not permit in vestiga tion  
o f the fundamental ph ysical events th at contribute to i t s  perception. 
R ealizing the lim ita tio n s  o f subjective ra tin g s, researchers 
have become increasin gly  concerned with objective  measurement o f corre­
la te s  o f n a sa lity . In recent years, the development o f new instruments 
has allowed more refined  physical measurements to  be made. The probe- 
tube microphone assembly, employed by Weiss (64 ), i s  an example o f such
4instrum entation. This assembly permits sampling and measurement o f  the  
sound pressure w ithin the nasal cavity  which may be compared with the mea­
surement o f the to ta l  sound pressure o f  the speech s ig n a l. Although th is  
technique was used by Weiss to study the re la tion sh ip  between nasal and 
"oral" ( to ta l)  sound pressures and subjective ra tings o f functional nasal­
i t y ,  i t  has not been evaluated adequately fo r  use w ith c le f t  palate per­
sons, I f  measures o f  nasal and "oral" sound pressures correlate highly  
w ith subjective ratings o f n a sa lity  in the speech o f  c l e f t  palate persons, 
the probe-tube technique may serve as an ob jective  means o f  rating nasal­
i t y  in  these su b jects . This technique would be unaffected by irrelevant 
factors that may a ffe c t  lis te n e r  ra tin gs and could be employed by judges 
o f varying degrees o f  train ing and experience. I t  would permit b etter  
quantification  o f n a sa lity  by means o f refin ed  measurement o f  a c lose  
correlate o f  n a sa lity , and could provide in s ig h t in to  the physical events 
contributing to perceived n a sa lity  in  c le f t  p alate  speech. I t  was the 
purpose o f  the present study, th erefore, to in v estig a te  the rela tion sh ip s  
among measures o f  nasal and "oral" sound pressures and l is te n e r  ratings  
o f n a sa lity  in  samples o f  c le f t  palate speech.
CHAPTER II  
REVIEW OF THE LITERATURE 
Introduction
The subject o f  n a sa lity  has evoked much in te r e s t , as ind icated  
by the large amount o f lite r a tu r e  extant, but the subject continues to  
be poorly understood. In part, the confusion has resulted  from a lack  
o f ob jective  measures o f the underlying physical events which contribute  
to  the perception o f  n a sa lity . While numerous attempts have been made 
to develop such measures for both c l in ic a l  and research purposes, the 
r e su lt s , for the most p art, have been u n sa tisfa cto ry . Recent advances 
in  instrumentation have enabled researchers to  make refined acoustic  
measurements, perm itting in v estig a tio n  o f  certain  underlying physical 
occurrences that may contribute to the perception o f  n a sa lity . Some o f  
these techniques have been used su ccessfu lly  to in v estig a te  functional 
n a sa lity , but they have been used l i t t l e  in the study o f c le f t  palate  
n a sa lity .
As a background to the present study, the reports and findings  
in  the lite r a tu r e  w i l l  be considered under f iv e  major headings: (a) Ter­
minology and D efin ition s o f N asa lity , (b) Causes o f N asa lity , (c ) The 
Nature o f  N asa lity , (d) N asa lity  and A rticu la tion , and (e) The Measure­
ment o f  N asa lity ,
6Terminology and D efin ition s o f N asality  
In 1943, Beighley (1) reviewed previous stud ies o f  n a sa lity  
and reported th at many w riters defined n a sa lity , or "rhinolalia", as 
" . . .  one kind o f unpleasant voice qu a lity  characterized by too much 
or too l i t t l e  nasal resonance," This general d e fin it io n  implied th at 
there were two s p e c if ic  types o f  n a sa lity : "rh in ola lia  aperta" and
"rhinolalia  clausa". R hinolalia aperta was defined as , . unpleasant 
voice q u a lity  resu ltin g  from too much resonance in  nasal c a v itie s  that 
have nothing p h y sica lly  wrong with them," R hinolalia clausa was de­
fined as ", . . unpleasant vo ice  qu a lity  resu ltin g  from too l i t t l e  
resonance or improper resonance in  p h ysica lly  unhealthy, malformed or 
obstructed nasal c a v it ie s ."  A combination o f these resonance d isto r ­
tio n s  was denoted by the term "rhinolalia  mixta".
These b asic  c la s s if ic a t io n s  have remained v ir tu a lly  unchanged 
since B eighley’s review; however, some refinements in  terminology have 
been made by w riters who sought to be more p rec ise . For example, the 
terms "positive" and "negative" n a sa lity , used by Drake (1?) in  1937 as 
su b stitu tes  for the terras rh in o la lia  aperta and rh in o la lia  clausa, re­
sp ectiv e ly , were la te r  used by West, Kennedy, and Carr (66, p , 392) in  
a more s p e c if ic  sen se. They defined "positive" n a sa lity  as an excess o f  
nasal resonance during the production o f  ora l sounds, and "negative" na­
s a l i ty  as a lack  o f nasal resonance during the production o f nasal 
sounds. Even though most w riters defined rh in o la lia  aperta as excessive  
nasal resonance, Froeschels (21) was c r i t ic a l  o f  the term because i t  im­
p lied  th at any degree o f n a sa lity  in  speech was abnormal. He preferred  
the terras "hypem asality" and "hyponasality" because they suggested too 
much or too l i t t l e  o f  a normal phenomenon, Froeschels’ concept in  th is
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regard i s  s t i l l  widely held, and i s  expressed by the simpler terms "na­
sa lity"  and "denasality"o
R hinolalia aperta was further subdivided in to  two types: "re­
laxed velum nasality"  and "whang nasality" (49 ), The la t te r  type was 
noted by B ell (2) as early  as I890 when he spoke o f  "nasal twang"; how­
ever, Raubicheck, Davis, and Carll (49, p, 22?), in  1931» distinguished  
whang n a sa lity  from relaxed velum n a sa lity . In both types o f resonance, 
the nasopharyngeal port i s  considered to be open, allowing excessive na­
sa l resonance to occur. The acoustic resu lt d if fe r s ,  however, according 
to  Cotton (11) ,  due to the r e la t iv e  tension o f  the speech musculature.
The term "assim ilation nasality" was used to refer to the nasal­
iz in g  o f vowels adjacent to nasal consonants (66, p. 398). In th is  phe­
nomenon, the nasopharyngeal port does not c lo se  su ff ic ie n t ly  for the 
vowel that precedes or follow s a nasal consonant. In th is  sense, i t  i s  
a type o f  rh in o la lia  aperta.
The term "cul de sac resonance" was used by R ussell (50, p. 42) 
to  refer to resonance in  a closed cavity , coupled to  the oral tr a c t , as 
i s  exem plified by a p a r tia lly  obstructed nasal ca v ity . Although such 
resonance d is to r tio n  in  the nasal cavity i s  due to a closing o f the nasal 
passages, i t  does not n ecessarily  resu lt in  the phenomenon known as "rhi­
n o la lia  clausa". This resonance d istortion  may be sim ilar e ith er to rh i­
n o la lia  aperta or to rh in o la lia  clausa depending on the s i t e  o f the nasal 
obstruction (42, pp, 657-658),
Although some variation  in terminology i s  observed in  the l i t ­
erature, substantia l agreement e x is ts  regarding certain  basic fa c ts .  Most 
w riters agree th at the problem i s  a resonance phenomenon which may be 
characterized e ith er  by excessive or in s u f f ic ie n t  nasal resonance. The
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problem has been denoted in  general as "nasality". The terms "rhino­
la l ia  aperta", "positive n a sa lity" , and "hypemasality" have been used 
sp e c if ic a lly  to denote excessive nasal resonance; and the terms "relaxed 
velum n asa lity" , "whang n a sa lity " , and "assim ilation nasality"  have been 
used to denote sub-types o f excessive nasal resonance. On the other 
hand, the terms "rhinolalia  clausa", "negative n asa lity" , and "hypo­
nasality" have been used sp e c if ic a lly  to  denote in su ff ic ie n t  nasal reso­
nance, While some w riters have used the term "nasality" to refer  in  gen­
era l to a resonance problem due to excessive  or in su ff ic ie n t  nasal reso­
nance, in  the following section s the term w il l  be used s p e c if ic a l ly  to 
refer  to excessive  nasal resonance.
Causes o f  N asality  
The phenomenon o f n a sa lity  has been attributed to a v a r ie ty  o f
structural and functional conditions. The ch ief cause, according to
Beighley ( l )  i s  velar m alfunction, R ussell and Cotton (51, p . 115) wrote 
that ", , , n a sa lity  o f any kind presupposes that the velum i s  not c lo s ­
ing the passageway leading to the nose,"
Many w riters (59, 23, 8, 24-, 12) have reported that the velum
may f a i l  to  e f fe c t  an adequate sea l in c le f t  palate persons because i t  
lacks adequate length  and/or m ob ility , A c le f t  may be o f such s iz e  and 
shape, and the amount o f ava ilab le  t is su e  so d e f ic ie n t , th a t, when the  
separated p a la ta l processes are su rg ica lly  joined, the velum cannot ac­
complish nasopharyngeal closu re. Scarring may contribute further to the 
shortness and immobility o f the velum. Following primary ve lar  rep air, 
the velum, because o f i t s  proximity to the base o f the sk u ll and the 
nasopharyngeal lymphoid mass, may be adequate for closure, but as the
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p ost-velar  space increases with growth, clostire may become le s s  e ffe c ­
t iv e .
Fletcher (19) indicated th at ve lar  closure may be impossible 
because o f ir r e g u la r it ie s  in structures contiguous to the velum, or be­
cause o f m alpositioning o f  the velum in  re la tio n  to other cran io -facia l 
stru ctu res. For example, he reported d e fic ie n c ie s  in  the hard palate in  
which the veluia was positioned so far an ter ior ly  and in fer io r ly  that 
contact with the p osterior pharynx was im possib le. He a lso  described  
ir r e g u la r it ie s  in the posterior pharyngeal w all which prevented a velar  
sea l (20) ,
The degree o f velopharyngeal closure necessary for good speech 
has been subject to  debate in  the l ite r a tu r e , Beighley (1) categorized  
w riters on th is  matter in to  four groups: (a) those who say that the
velum should c lo se  t ig h t ly  in  speech; (b) those who say that velar c lo s ­
ure i s  necessary, without mentioning the tig h tn ess  o f closure; (c) those 
who say that the velum should be s lig h t ly  open in  vowel and semi-vowel 
production; and (d) those who say that the nasopharyngeal opening should 
not exceed a sp ec if ied  amount.
The view th at the velum should c lo se  the nasopharyngeal port was 
expressed by Cotton (11), who indicated th at ” , , , there i s  a d e fin ite  
'ta lk in g  through the nose' q u a lity  i f  the velum does not completely c lo se  
the nasal passageway," Likewise, B ell (2) sta ted  that n a sa lity  r esu lts  
because the s o f t  palate ", , , i s  never ra ised  enough e n tire ly  to cut o f f  
some outflow o f breath through the nose,"
Various researchers have indicated th at the velum appears to be 
open to a certain extent during the production o f  vowels. Williams (67) 
measured the s iz e  o f the nasopharyngeal port on x-ray p ictures taken
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during the production o f certain vowels and reported that i t  was pre­
dominantly open for [a] and [ae] and predominantly closed for [u] and 
[ i ] .  Using a sim ilar technique, Harrington (28) measured the extent o f 
velar elevation during the production of [u] and [a ] .  He reported a 7«79 
m illim eter elevation  o f the velum above the p a la ta l plane in  the produc­
tion  o f [u ], but only a 2 .6  m illim eter elevation  for [a ] .  Assuming th at  
the extent o f  velar elevation  indicated the degree o f velopharyngeal 
closure, he concluded that the degree o f closure i s  greater for [u] than 
for [a ] , K elly (36) employed a device that made a graphic recording o f  
nasal resonance in vowels, and Lindsley (38) used a sim ilar device to re­
cord nasal emission in  vowels. The reports o f these in vestig a to rs  in d i­
cated that both nasal resonance and nasal emission vary among vowels, 
depending on the firmness o f  velopharyngeal closure required. Nusbaum, 
Foley, and Wells (43) studied the firmness o f  velar valving by exerting  
air  pressure through the nasal c a v itie s  against the superior surface o f  
the velum during the production o f various vowels and noting the amount 
o f pressure required to break the se a l. They reported th at the a ir  pres­
sure required to break the velopharyngeal sea l varied among the vowels 
studied and concluded that the sea l i s  not equally firm for a l l  vowels. 
They a lso  noted varying amounts o f nasal emission during production of  
the vowels, even though they were normally resonated. They concluded 
that the nasopharyngeal port i s  s l ig h t ly  open during vowel production, 
giving vowel sounds a pleasant q u a lity .
Several w iûters have indicated that n a sa lity  r e su lts  only when 
the nasopharyngeal opening reaches a certain s iz e .  Dorrance (16, p. 304) 
reported that Schmidt found no objectionable resonance when a rubber 
tube, s ix  m illim eters in  outside diameter, was inserted  through the
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nasal meatus and extended through the nasopharyngeal port. Tubes o f  
larger diameters, however, caused objectionable nasal resonance.
Brown (?) contended that n a sa lity  would r e su lt  i f  the nasopharyngeal 
opening exceeded one m illim eter. Although they did not report th eir  
c r ite r ia , Haggerty and Hoffmeister (26) claimed th a t, by measuring the 
nasopharyngeal opening on la te r a l x-ray p ictures taken during production 
o f the vowel [u ], they could predict n a sa lity  seven ty-five  per cent o f  
the time.
Several w riters have expressed the view that the s iz e  o f velar  
opening th at resu lts  in n a sa lity  varies with the ind iv idu al, Kantner 
(34) ,  for example, stated  that n a sa lity  occurs only when the nasopharyn­
geal port reaches a certain  c r it ic a l  s iz e , which varies from person to  
person. MacDonald and Koepp-Baker (40) have also suggested th at there 
i s  a c r it ic a l  point in velar closure which esta b lish es a balance between 
oral and nasal resonance, and that i f  th is  c r i t ic a l  point i s  not reached, 
n a sa lity  w il l  r e su lt .
Tongue posture, e ith er  as a separate or as an associated cause 
o f n a sa lity , has been studied in  both c le f t  palate and fu n ction ally  nasal 
cases, Hixon (30) reported the presence o f a high-riding tongue in  
fu n ction a lly  nasal cases, Fairbanks (18, pp, 203-204) postulated th at  
an elevation  o f the tongue caused n a sa lity  because i t  r es tr ic ted  oral 
resonance. Although Kaltenbom (37) did not study tongue height per s e ,  
he measured the s ize  o f the nasopharyngeal and oropharyngeal openings on. 
x-ray p ictures taken during phonation o f [ae] in  a number o f nasal and 
non-nasal su b jects. He reported that the mean s iz e s  o f  the nasopharyn­
geal opening and the oropharyngeal opening in h is nasal speakers were 
8 ,8  m illim eters and 3*1 m illim eters, resp ectiv e ly , as compared with one
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m illim eter and eleven m illim eters, resp ec tiv e ly , for the non-nasal 
speakers. MacDonald and Koepp-Baker (40) hypothesized th at n a sa lity  in  
certain c le f t  palate cases i s  caused by p ersisten t e levation  o f the man­
d ib le  and tongue, which reduces the s iz e  o f  the opening into the oral 
cavity  and a lte r s  oral resonance. Reported stud ies o f  tongue posture in  
c le f t  palate persons, however, have not co n sisten tly  borne th is  out.
Buck (9) studied tongue carriage in  a sample o f c le f t  palate persons and 
reported th at th e ir  v e r t ic a l tongue p o sitio n  did not d if fe r  from normals, 
except in  the production o f [ae] and [u] in  which the tongue assumed a 
lower p osition  than i s  found in  normal persons. He a lso  reported that 
h is  c le f t  palate subjects had more forward movement o f  the tongue than 
normal subjects in  the production o f a l l  vowels except [a e ], Graber (23) ,  
reporting McKee's r esu lts ,'in d ic a te d  th at c l e f t  palate persons assume a 
lower than normal tongue position  at r e s t  and mass the tongue p oster iorly  
in  phonation. He reported th at Subtelny found no h igh-rid ing tongue, but 
observed that the tongue was placed too far an teriorly  for front vowels 
and too far  p o ster io r ly  for back vow els.
The rela tion sh ip  o f  s iz e  o f  mouth opening and n a sa lity  has been 
of in ter e st  to a number o f in v estig a to rs . Cotton (11) held th at n a sa lity  
was associated  frequently with "close-mouthed" speech and K elly (36) re­
ported a d irec t rela tion sh ip  between n a sa lity  and the s iz e  o f  mouth open­
ing during speech. Gray and Wise (25, pp. 22-23) reported "too narrow a 
mouth opening" along with in su ff ic ie n t  velopharyngeal closure as the most 
common cause o f n a sa lity , while Williamson (68) indicated that most o f 
the functional n a sa lity  he observed was caused by a high-riding tongue 
and a narrow mouth opening. Buck (9 ) , however, found no d ifference be­
tween c le f t  palate and normal subjects in  the s iz e  o f  mouth opening. He
13
concluded that . , th is  would tend to disprove the b e l ie f  that small­
ness o f mouth opening accounts for n a sa lity  in c le f t  palate persons,"
Bullen (10) contended that a lack  o f tension in the l ip s  in  the 
production o f la b ia l  sounds i s  an important cause o f n a sa lity . She 
theorized that the velum i s  largely  passive in  i t s  movement and that i t  
i s  regulated in i t s  movement by other structures. She suggested that 
greater l ip  pressure should be employed in  producing la b ia l consonants to  
gain better velopharyngeal closure.
In summary, the primary causes o f n a sa lity  are generally  held to 
be inadequate use o f  a normal velum or dysfunction o f  a d e fec tiv e  v e lo ­
pharyngeal mechanism, caused by in su f f ic ie n t  length and/or m obility  o f  
the velum, m alposition o f the velum in  re la tio n  to the nasopharyngeal 
w all, and ir r e g u la r it ie s  o f the nasopharyngeal w a ll. The lite r a tu r e  sug­
gests that the e f fe c t s  o f inadequate velopharyngeal closure on speech may 
be increased in  certain  cases by a restr ic ted  oropharyngeal opening due 
to abnormal tongue p o s itio n , or brj’’ a small mouth opening; th a t the degree 
o f  velopharyngeal closure necessary for good speech production appears to  
vary with d iffe re n t sounds; and that i t  may also  vary with d ifferen t  
speakers depending on the s iz e s  and rela tion sh ip s o f  the resonating cavi­
t i e s .
The Nature o f  N asa lity  
N asality  i s  an acoustic phenomenon rather than an a ir  flow phe­
nomenon, according to  recent in v estig a to rs . That i s ,  the phenomenon i s  
the vibration o f m olecules o f  a sound medium rather than the stream -like  
movement o f  th at medium. Early w r iters , for the most part, did not make 
th is  d is t in c t io n , Kantner (35)» for example, in  l i s t in g  several causes
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o f  n asa lity ’s stated that: "One o f these causes and perhaps the most
common i s  the escaping o f  the a ir  stream through the nasal cavity  in  
amounts and a t times not ty p ica l of normal speech»" Bullen ( 10 ) wrote 
that „ n a sa lity  i s  due immediately to the passage o f  a ir  through
the nasal cavities»"  However, MacDonald and Koepp=Baker (4 0 ) contended 
th at nasal em ission, the nasal escape o f  a ir  associated  with production 
of p losive  and fr ic a t iv e  consonants, should be d istinguished from na­
s a l i t y ,  the excessive nasal resonance associated  with vowel production, 
Nusbaum, Foley, and W ells (4 5 ) reported that nasal a ir  flow may appear 
in  the absence o f  excessive nasal resonance. More recen tly , Benson (3) 
and Kantner ( 34 ) ind icated  that the amount o f nasal emission does not 
accurately ind icate the amount o f n a sa lity  present in a speaker.
The acoustic ch a racter istics  o f n a sa lity  have been attributed  
to improper resonance and phonation. Gray and Wise (25, pp. 22-23) 
indicated that n a sa lity  ", , , i s  caused by improper use o f  nasal or 
nasopharyngeal resonance, or by res tr ic tio n s  w ithin the larynx which pro­
mote improper resonance or produce an acoustic  e f fe c t  analogous to na­
s a lity ,"  Peterson (46) affirmed that " re la tiv e ly  marked effects"  on the 
spectrum o f  the oral speech sign a l may be made by coupling a nasal reso­
nator to the vocal system, R ussell and Cotton (51, p, 120) contended 
that in whang n a sa lity , the spectrum i s  a lso  altered  by tensing the 
pharynx in to a narrow tube which attenuates low frequency and accentuates 
high frequency components o f speech. They noted abnormal phonation in  
cases o f  extreme whang n a sa lity  in  which the ventricu lar bands were 
forced down on the vocal fo ld s and the free edges o f  the- vocal fo ld s were 
strongly tensed. They speculated that th is  laryngeal tension  was de­
veloped in  an e ffo r t to  ta lk  louder and overcome the power lo s s  caused by
o
nasal resonance.
Researchers in vestiga tin g  the spectra o f various kinds o f nasal 
speech by means o f the soand spectrograph have reported generally  con­
s is te n t  fin d in gs. Several researchers ( ’3j 29, $2, 6 ) have compared the 
spectra o f vowels spoken f i r s t  with normal resonance and then with simu­
la ted  n a sa lity . Curtis ( ’3) noted that, in  nasalized vowels, the inten­
s i t y  was increased in the area of the f i r s t  and second p a r tia ls  or the 
200-250 cps range, while the in ten sity  o f the third and fourth p artia ls  
was reduced. He ind icated  that energy concentrations in the high fre ­
quencies did not seem to be related  to the perception o f n a sa lity . In 
addition to increased in ten sity  around 250 cps in  nasalized vowels, 
H attori, Yamamoto, and Fajimura (29) sp ecified  that there was a reduction  
o f energy around 500 cps and the appearance o f d iffu se  components between 
the vowel formants, p articu larly  in the 1000-2500 cps range. Sax (52) 
stated that the spectra of nasalized vowels had broader bands o f reso­
nance and that energy was increased along the voice bar and in  the 1000-  
2000 cps range. Bloomer (6) reported that the f i r s t  formant was lowered 
in  frequency, broadened in  frequency range, and increased in  in te n s ity .  
The th ird formant was raised in  frequency and/or weakened in in te n s ity .
He stated  that the boundaries o f the formants were le s s  d is t in c t  in na­
sa lized  vow els, and that secondary formants appeared.
In speech characterized by assim ilation  n a sa lity , Curtis (13) 
ind icated  that energy in  the f i r s t  three p artia ls  centering around 250-  
270 cps was increased, while energy in  the 3200-3300 cps range was re­
duced and red istr ib u ted . Energy in a band extending from 500 cps upward 
to a variab le l im it  was also reduced. These findings agree generally  
with the observations described by Peterson (46),  Kelly ( 36) ,  and Potter,
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Kopp, and Green (48)o
By means o f a sound spectrograph, Hanson (2?) analyzed the speech 
o f c le f t  palate children « He repcrtea that he was unable to find the re­
inforcement o f low frequency energy that had been reported by previous 
in v estig a to rs . Dickson (14), who used the sound spectrograph to study the  
speech o f fu n ction ally  nasal and c le f t  palate subjects, did not con sis­
te n t ly  find  the spectrum changes in  nasal speech th at had been reported by 
oth ers. However, he reported that some extremely nasal subjects d iffered  
markedly in  some respects: there was an increase in  formant bandwidths;
there was an increase or decrease in  the in ten sity  o f  harmonics; there was 
an increase or decrease in  formant frequency; and there was a r is e  in  
fundamental frequency. Usually the nasal subjects had several o f  these  
acoustic  ch a ra cter is tic s , Dickson concluded that the acoustic aspects o f  
n a sa lity  vary from person to  person depending upon the sp e c if ic  configura­
tio n s o f the oral; pharyngeal, and nasal c a v it ie s .
Conclusions regarding nasal speech have a lso  been made from 
stud ies o f the spectra o f synth etic  speech. Synthetic speech i s  produced 
by generating an e le c tr ic a l  s ig n a l, a lter in g  i t s  spectrum with regard to  
frequency composition and in te n s ity  o f  the constituent frequencies, and 
then transducing the e le c tr ic a l  sign a l by a loudspeaker. The procedure 
in  such stud ies i s  to a lte r  the spectrum o f the sign al u n t il  l is te n e r s  
report th at the transduced sign al resembles a sp e c if ic  nasal sound. The 
spectral ch ara cter istics  o f that sign al are then observed. House (31) 
reported that the f i r s t  formant o f synth etic  nasal vowels was raised  in  
frequency, increased in  bandwidth, and reduced in  amplitude as compared 
with synth etic non-nasal vow els. He speculated th at these changes were 
probably primary cues for the perception o f n a sa lity , while le s s  sy s te -
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matic and pronounced changes in  the second and th ird  formants were prob­
ably secondary cues for the perception o f n a sa lity . In nasal consonants, 
he reported a prominence o f  low-frequency energy, e sp ec ia lly  near 1000 
cps; however, the o v e r -a ll in te n s ity  o f  nasal consonants was low as com­
pared with vow els. Nakata (44) reported th at nasal consonants were 
characterized by broadened bands o f resonance in  the 200-300 cps range, 
which he postulated were associated  with a reduction o f the in ten sity  o f  
some o f these frequencies. He reported th at the width o f the f i r s t  
formant and the presence o f the second formant were important in  the 
recognition o f nasal consonants.
The r e la t iv e  in te n s ity  o f nasal resonance has a lso  been empha­
sized  as an important factor in  the perception o f  n a sa lity . Although 
early  w riters attributed  n a sa lity  to excessive nasal resonance ( 1) or in ­
su ff ic ie n t  oral resonance (6 5 )s R ussell and Cotton (51) were apparently 
the f i r s t  to postu late th at n a sa lity  was due to an imbalance o f oral and 
nasal resonance. They measured the in ten s ity  o f  the oral and nasal 
speech s ign a ls  during normal production and during nasalized production 
of vow els. In normal production o f [ a ] ,  [ o ] ,  [ a ] ,  and [ æ ] ,  the nasal 
s ig n a l, averaged across subjects and various p itch  le v e ls ,  was about 
30 db le s s  in ten se than the ora l s ig n a l. In normal production o f [ i ] ,  
the nasal signal was about 17 db le s s  in tense than the ora l s ig n a l. When 
the velum was relaxed in the production o f these vowels, the in ten sity  
o f nasal resonance increased from 20 db to 30 db, on the average, so that 
i t  equalled, and sometimes exceeded, the in te n s ity  o f  the oral s ig n a l. 
R ussell and Cotton spoke o f  th is  increase in  nasal resonance as a power 
lo s s  in  the speech sign a l due to  nasal coupling, and they affirmed that 
the power lo s s  ind icated  an in e f f ic ie n t  use o f  the oral resonator.
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By means o f  e le c tr ic  analog devices 9 House (3I ) demonstrated 
that the in ten s ity  o f  nasal resonance does not depend so le ly  on the s iz e  
o f the velopharyngeal port, but a lso  on the acoustic  impedance o f the 
nose and mouth. He contended th a t, i f  the nasal cavity  has high imped­
ance and the ora l cav ity  low impedance, the e f fe c t  o f  nasal coupling 
should be sm all. With high impedance o f the oral cavity  and low imped­
ance o f the nasal ca v ity , a patency o f the nasopharyngeal port should re­
s u lt  in greater n a sa lity . On the b asis  o f  analog stu d ies, House in d i­
cated that high vowels may be perceived as more nasal than low vowels in  
that " . . .  for  a given degree o f  nasal coupling, the spectrum o f  [ i ]  
w il l  be modified more than th at o f  [u] . . . .  [ i ]  and [u] have the high­
e s t  impedance, [as] and [a] the low est, with [£ ] and [o] in  between," He 
affirmed that a closed nasopharyngeal port i s  not necessary for the pro­
duction o f  a l l  American English vowels.
In summary, n a sa lity  i s  considered to  be an acoustic phenomenon 
characterized by excessive  nasal resonance in  vowel production. While 
nasal emission o f a ir , associated  w ith production o f fr ic a tiv e  and plo­
s ive  consonants, may occur w ith n a sa lity  in  c le f t  palate speech, the 
nasal emission does not co n stitu te  n a sa lity  per se , nor does i t  in d icate  
the degree o f n a sa lity  present. The acou stica l aspects o f n a sa lity  have 
been studied from the standpoints o f d ifferen ces in  the spectra due to  
resonance and/or phonation and of d ifferen ces in  the r e la t iv e  in te n s ity  
o f nasal and oral resonance. The spectra o f nasalized speech d if fe r  from 
those o f non-nasalized speech, e ith er  because o f resonance or o f phona­
t io n . The d ifferen ces reported by various in vestiga tors appear to  be 
generally  co n sisten t. These d ifferen ces seem to occur in  nasal speech 
because energy i s  sh ifted  from the high frequencies and concentrated in
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the low frequencies where i t  i s  arranged in broad resonant bands o f  r e la ­
t iv e ly  small amplitudej in  which the boundsiries o f  the formants become 
in d is t in c t . D ifferences in  the r e la t iv e  in te n s ity  o f nasal and oral 
resonance have also been noted in non-nasalized speech and nasalized  
speech. Although the in te n s ity  o f  nasal resonance normally varies among 
the vowels, in  nasalized  speech the in te n s ity  o f  nasal resonance i s  in ­
creased, creating a n asa l-ora l resonance imbalance th at may contribute to 
the perception o f n a sa lity .
N asality  and A rticulation  
N asality , as a resonance phenomenon, may vary in  degree among 
vowels, and, fu rther, i t  may be influenced by the a rticu la tio n  o f conso­
nants spoken with the vow els, Spriestersbach and Powers (57) rated the 
n a sa lity  in  the vowels [ i ] ,  [ c ] ,  [a ] , [ æ ] ,  [o ] , [u ], and [/\] spoken by 
f i f t y  c le f t  palate children ranging in age from fiv e  to  f i f t e e n  years and 
reported that:
Tongue height appears to be the most important variable  
related  to  perception o f n a sa lity . . . .  The high vowels 
were judged as s ig n if ic a n tly  more nasal than the low 
vow els. With the exception o f the vowels w ith the high­
e s t  tongue placement, [ i ]  and [u ], the front vowels were
judged as more nasal than the back vow els.
Van Hatturn (63) rated the n a sa lity  in  th irteen  vowels and diphthongs
spoken in iso la t io n  by twenty c le f t  palate persons. He reported that the
mean n a sa lity  score for  the group o f subjects was h ighest for  [e i]  and
[g] and low est for [ a i ] and [a ] . The mean n a sa lity  score for the group
was higher for [ i ] ,  [ e ] ,  and [ i ]  than for  [a ] , [a ] ,  [b ], and [u ]. He
concluded th at "there i s  a d ifference among the vowels as to the degree
o f n a sa lity  perceived. Generally, front vowels appear to be judged more
nasal than back vowels." Lintz and Sherman (39) rated the n a sa lity  o f
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seven vowels produced in iso la tio n  by ten fu n ction a lly  nasal speakers and 
ten speakers judged to have e s se n tia lly  normal voice q u a lity . D iffer»  
ences between the mean n a sa lity  rating for the two groups were determined 
for each vowel, and, on th is  b a s is , the authors concluded that the vowels 
[a ] and [a] were more nasal than [u ], [ e ] ,  [ i ] ,  [ æ ] ,  and [u ],
Lintz and Sherman also  judged the n a sa lity  o f  the seven vowels 
in  combination with each of e igh t consonants in  CVC s y lla b le s . In the 
CVC contexts, the vowels were ordered according to sev er ity  o f n a sa lity  
from most to le a s t  severe? [q j, [a ] ,  [u J, [ e ] ,  [ i ] ,  [æ  ] , and [u ]. They 
concluded th at, in  a l l  consonant environments, [q] and [ae ] were perceived  
as s ig n if ic a n tly  more nasal than [u] and [u]; [ae ] more nasal than [ i ] ;
[ i ] ,  [£ ] , and [ae] more nasal than [u] and [u]? [q] more nasal than other 
back vowels; and [q] more nasal than [&],
I t  would appear, on the basis o f the data presented by Lintz and
Sherman, that fu n ction a lly  nasal speakers are more nasal on the low vowels
and front vowels than on the high vowels and back vow els. I t  would ap­
pear, on the b asis o f the data presented by Spriestersbach and Powers and 
by Van Hatturn, that c le f t  palate speakers are more nasal on the high
vowels than the low vow els. In high vowels, where c le f t  palate persons
would be le a s t  l ik e ly  to achieve adequate velopharyngeal c losu re, the 
greater amount o f  n a sa lity  may be explained by House's (31) statement that 
", , . for a given degree o f nasal coupling, the spectrum o f [ i ]  w il l  be 
modified more than th at for [q],"
While n a sa lity  has been viewed tr a d it io n a lly  as a disturbance o f  
normal nasal resonance, some in vestig a to rs  (63 , 57, 39) have contended 
th at consonant a r ticu la tio n  in fluences the perception o f n a sa lity , because 
they have observed d ifferen ces between the amount o f  n a sa lity  perceived in
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vowels in  iso la t io n  and th at perceived in  sentences. For example.
Van Hattuiu (63) rated the n a sa lity  o f  th irteen  vowels and diphthongs in  
is o la t io n  and o f short phonetically  balanced sentences, and obtained a 
correlation  c o e f f ic ie n t  o f ,4 8 . He postulated that consonant articu ­
la t io n  might be p a r t ia lly  responsib le for  th is  low correla tion . He a f­
firmed th at ra tin gs o f n a sa lity  in  iso la te d  vowels could not be used as 
an accurate predictor o f n a sa lity  in  connected speech. He obtained cor­
r e la t io n  c o e ff ic ie n ts  between the judged n a sa lity  in  each vowel and in  
the sentences to determine which vowel might serve as the best predictor  
o f n a sa lity  in the sentences. The h igh est correlation  (r = . 68) was ob­
tained for the vowel [o ] , followed in  order by [ f ]  ( r =  . 59) and [a ] and 
[a] (r = ,5 2 ) ,  Spriestersbach and Pbwers (57) observed the same d is ­
crepancy between ra tings o f  n a sa lity  in  iso la te d  vowels and connected 
speech and suggested that the mean o f  n a sa lity  ratings on several vowels 
might be used as a predictor o f  n a sa lity  in  sentences. They postulated  
that the discrepancy between n a sa lity  judgments in  vowels and sentences 
was due to poorer r e l ia b i l i t y  in  judging vow els,
Lintz and Sherman (39) observed th at th eir  "non-nasal" subjects  
were judged to be le s s  nasal in  sy lla b le s  than in  iso la ted  vowels and 
they speculated th at consonant production aided velopharyngeal closure  
in  the adjacent vow els, thus reducing n a sa lity  in s y lla b le s . The re­
duction in  n a sa lity  in  sy lla b le  production as compared to vowel produc­
tio n  was not observed in  the fu n ction a lly  nasal cases, Lintz and Sherman 
noted th at the nasal group did not seem to be as precise as the non-nasal 
group in  th e ir  ar ticu la to ry  movements.
The in fluence o f m isarticu la tion s in  the perception o f n a sa lity  
has been studied by several in vestig a to rs  (63, 41 ). McWilliams (41)
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postulated th at perceived n a sa lity  in c le f t  palate speech was possib ly  
an a r t ifa c t  o f  m isa rticu la tio n . She reported that c le f t  palate persons 
with m isarticu lations were judged as being more nasal than subjects with 
few or no a rticu la tio n  errors. In her study, ratings o f  n a sa lity , ar­
t ic u la tio n , and i n t e l l i g i b i l i t y  were obtained for a v a r iety  o f speech 
samples spoken by fo r ty -e ig h t c le f t  palate su b jects. Obtaining a corre­
la tio n  c o e ff ic ie n t  o f  .821 between n a sa lity  and a r ticu la tio n  scores, she 
(41, p. 526) concluded:
This in d ica tes that these two supposedly d is t in c t  char­
a c te r is t ic s  o f  c le f t  palate speech are, in  r e a l i ty ,  
c lo se ly  rela ted  and that any reduction in  consonant 
errors r e su lts  also in  vriiat lis te n e r s  tend to c a l l  na­
s a l i t y .
On the basis o f  a correlation  co e ffic ien t o f  .720 between the i n t e l l i g i ­
b i l i t y  and n a sa lity  ra tin g s , she (41, p. 526) concluded that th is
. . . suggested that n a sa lity  ratings had to a large  
extent been based upon the judges' a b i l i ty  to compre­
hend the speech o f  these p a tien ts . I t  pointed further  
to the fa c t th at lis te n e r s  find i t  d i f f ic u l t  to d i­
vorce n a sa lity  from a rticu la tio n  errors and ease o f  
understanding,
An unpublished experiment by MacDonald and Van Hattum (62) a lso  suggested 
that the presence o f m isarticu lations in  the speech o f the subject adds 
to the l is t e n e r 's  perception o f n a sa lity . One subject with a severe 
articu la tion  problem, but no n a sa lity , was placed in  a group o f nasal sub­
je c ts , and the judges were instructed  to  rate the n a sa lity  o f each sub­
je c t . Having no prior knowledge that one o f the subjects had poor articu ­
la tio n  but normal resonance, they rated the a r ticu la tio n  case as being 
more nasal than the nasal cases. Van Hattum (63) was prompted by ex­
periment to explore the relation sh ip  between judgments o f  n a sa lity  and 
measures o f adequacy o f  a r ticu la tio n . Using twenty c le f t  palate speakers.
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he rated the n a sa lity  o f  th irteen  iso la ted  vowels and diphthongs and of 
short sentences ph onetica lly  balance with these vowels and diphthongs.
He also rated the adequacy o f articu la tion  in  these speech samples. 
Obtaining a correlation  co e ffic ien t o f .48 between judgments o f n a sa lity  
in  iso la ted  vowels and diphthongs and the sentences, he concluded th at a 
weak relationsh ip  e x is t s  between the degree o f n a sa lity  present in  
vowels and the degree present in sentences. He obtained a correlation  
co e ffic ien t o f .75 between a i'ticu lation  in  sy lla b le s  and a rticu la tion  in  
sentences and concluded that articulatory a b il i ty  in  sy lla b les  may be 
used ju s t if ia b ly  to judge articu latory  a b il ity  in  connected speech, but 
that errors o f judgment may occasionally  be made. A correlation co­
e f f ic ie n t  o f  - .6 4  was obtained between n a sa lity  in  the sentences and 
articu la tion  in the sentences, which indicated that the poorer the 
articu lation  in sentences, the greater w i l l  be the n a sa lity  in  senten­
ces. On the other hand, he reported that n a sa lity  in  the iso la ted  
vowels correlated poorly with articu la tion  in the sentences (r = .0?) 
and sy lla b le s  (r -  .0 1 ) . By judging a rticu la tio n  and n a sa lity  in  s itu ­
ations where one i s  not contaminated by the other, a r ticu la tio n  and na­
s a l i ty  were seen as r e la t iv e ly  independent phenomena. The adequacy o f  
articu lation  in  sentences, however, affected  the perception o f n a sa lity  
in  sentences.
In view o f  the p ossib le  influence o f consonant m isarticu lations  
upon ratings o f  n a sa lity , Sherman (53) advocated rating n a sa lity  in  sen­
tences using the technique of backward play. She reasoned that the 
judges would be able to  concentrate on the n a sa lity  and would not be d is ­
tracted by such irre lev a n t factors as p itch , a r ticu la tio n , e ffec tiv en ess  
in  conveying meaning, and cues associated with particular voice disorders,
2^
She obtained a correlation  c o e ffic ien t o f ,89 between judgments based on 
forward play and judgments based on backward play, and concluded th at 
eith er  method o f presentation w ill  y ie ld  reliabl.e judgments. However, 
she reported th at there were ind ications that judgments based on forward 
play were not as va lid  as those based on cackward play,
Spriestersbach (56) evaluated Sherman”s technique o f  backward 
play, using a population o f f i f t y  c le f t  palate children. Recordings were 
made o f a v a r ie ty  o f speech m aterials, and a thirty=second sample was 
se lected  from each su b ject's  recording. The adequacy o f a r ticu la tio n  o f  
each sample was rated . Then n a sa lity  ratings were obtained by playing  
the samples forward to one group o f judges and backward to another group 
of judges. He obtained a correlation  c o e ff ic ie n t  o f ,69 between judg­
ments o f  n a sa lity  based on forward play and those based on backward play, 
and concluded th at trained judges could make stab le judgments o f n a sa lity  
regardless o f the type o f presentation. However, he indicated that cer­
ta in  fa c to rs , not common to both se ts  o f judgments, were operating so as 
to depress the corre la tion . To discover which non-common factors might 
be operating, he obtained correlation c o e ff ic ie n ts  for the a r ticu la tio n  
scores and judgments o f  n a sa lity  based on forward and backward p lay , A 
correlation  c o e ff ic ie n t  o f  ,4? was obtained for n a sa lity  judgments based 
on forward play and ratings o f defectiveness o f  a r ticu la tio n , w hile a 
correlation  o f  ,0? was obtained for n a sa lity  judgments based on backward 
play and d efectiven ess o f  a r ticu la tio n . He interpreted th is  as meaning 
that m isarticu lation  s ig n if ic a n tly  a ffe c ts  judgments o f  speech samples 
played forward, while such i s  net the case when the samples are played 
backward.
In summary, the degree o f  perceived n a sa lity  seems to vary with
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vowels and consonant contexts, Spriestersbach and Powers (57) reported 
th at high vowels are more nasal than low vowels, while Van Hattum (63) 
and Spriestersbach and Powers (57) reported that front vowels are more 
nasal than back vowels in  c le f t  palate speakers, Lintz and Sherman (39) 
observed that low vowels are more nasal than high vowels in  fu n ction a lly  
nasal speakers. A ll o f  these researchers reported discrepancies in  the 
degree o f  perceived n a sa lity  in  iso la ted  vowels and connected speech in  
c le f t  palate and fu n ction a lly  nasal speakers, Lintz and Sherman (39) 
noted le s s  n a sa lity  in vowels in consonant context as compared with is o ­
la ted  vowels in  functional ca ses , and they postulated that th is  was due 
to consonant a r ticu la tio n  aiding velopharyngeal closure in  connected 
speech, McWilliams (41) contended that n a sa lity  in  connected speech in  
c le f t  palate persons i s  an a r t ifa c t  o f  m isarticu la tions, and she advo­
cated work on m isarticu lation  as a means o f reducing n a sa lity . Van 
Hattum observed th at while m isarticu lation  may influence the perception  
o f n a sa lity , n a sa lity  i s  an independent phenomenon. In view o f  the in ­
fluence o f  m isarticu lations upon the perception o f  n a sa lity , Sherman (53) 
and Spriestersbach (56) advocated the backward playing o f  recorded speech 
as a more v a lid  procedure in  judging n a sa lity .
The Measurement o f  N asality  
In view o f  the p ossib le  influence th at irre levan t factors may 
have in  the subjective rating o f n a sa lity , various researchers have a t­
tempted to employ ob jective  measures which correlate c lo se ly  with na­
s a l i ty .  Various d ev ices , ranging greatly  in  complexity and accuracy, 
have been constructed for th is  purpose. These devices can be c la s s if ie d  
under three headings in  accordance with the correlate o f n a sa lity  that
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was studied; devices to measure nasal emission o f  a ir , devices to ana­
ly ze  spectrum changes in the speech s ig n a l, and devices to measure sound 
pressure.
Devices to  Measure Nasal Emission o f  Air 
Most o f the devices to measure nasal em ission o f  a ir  operate on 
the p rin cip le  o f volum etric a ir  flow or o f  a ir  pressure, and they are 
used prim arily as ind icators rather than refined measuring dev ices. The 
pneumograph i s  a device suggested by Froeschels (22) con sistin g  o f a 
diaphragm th at i s  mechanically coupled to a lev er  and a recording sty­
lu s ,  Air channeled from the nose activa tes the diaphragm which in  turn 
moves the lever  connected to the recording sty lu s  resu ltin g  in  a graphic 
record o f  the a ir  pressure changes. The nasometer, used by Sigman (55)» 
was activated  by the pressure o f  the n asa lly  emitted a ir  th at moved a 
diaphragm and produced an e le c tr ic a l  s ig n a l. The e le c tr ic a l  signal 
reg istered  on a meter, but no graphic recordings were made. The mano- 
m etric flame apparatus, described by Kantner (35) and Moser (43), i s  a 
metal box consistin g  o f two compartments separated by a diaphragm. Com­
b u stib le  gas enters one compartment and escapes in  a flame from an o r i­
f ic e  a t the top o f the compartment, while a ir  from the nose i s  channeled 
to the other compartment. Fluctuations in  the nasal a ir  pressure move 
the diaphragm back and forth , a ffec tin g  the amount o f  gas escaping from 
the opposite compartment, and thus causing flu ctu ation s in  the height o f  
the flam e, A rotating mirror enables one to see the flame as a r is in g  
or fa l l in g  wave, which can then be photographed, Kantner (35) employed 
a spirometer into which n a sa lly  emitted a ir  was introduced by means o f  a 
rubber tube. As a ir  displaced a certain portion o f the water in  the
27
cylinder, marks on the cylinder w alls indicated the amount o f  water that 
was d isplaced, and, th erefore, the amount o f  a ir  that displaced i t .
Benson (3) made a sim ilar measurement by means o f  changes in  the le v e l  
o f a small amount o f colored water in  the bend o f a U-shaped tube. Air 
emitted from the nose during production o f iso la ted  sy lla b le s  was chan­
neled to one end o f the tube, forcing the water to r is e  in  the other end. 
A ruler was used to measure the change o f water le v e l ,  and, hence, the 
amount o f n asa lly  emitted a ir ,  Benson reported that no d irec t r e la tio n ­
ship o f nasal emission and n a sa lity  was observed. He added th at " it  i s  
p ossib le  to be judged as sounding nasal w ith l i t t l e  emission o f  a ir ,  or 
to be judged as sounding normal with considerable emission o f  a ir ."  
Kantner (34) said  o f such devices : "It follow s that any device which
measures the amount o f a ir  escaping through the nose cannot be r e lie d  
upon to d etect n a sa lity  and i s  not an accurate quantitative index o f  na­
sa lity ."
Devices to Analyze Spectrum Changes 
Devices to analyze spectrum changes have included the phonello- 
8cope (36) ,  the o scillograp h ic  camera (31) , and the sound spectrograph, 
the la s t  o f  which i s  the most recent and most widely used. The sound 
spectrograph has been used by Curtis (13), H attori, Yamamoto, and F u ji-  
mura (29), Sax (52 ), Bloomer (6 ) ,  Peterson (46 ), Potter, Kopp, and 
Green (48), Dickson (14), and Hanson (2?) to  study spectrum d ifferen ces  
in  nasalized speech. The sound spectrograph i s  an instrument th at ana­
ly zes  a complex sign a l as a function o f time and frequency, and records 
the r esu lts  on dry facsim ile  paper. The frequency range from 85-8000 
cps i s  represented on the v e r t ic a l a x is , while tim e, up to  2 .4  seconds.
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i s  represented on the horizontal a x is . In ten sity  i s  represented by the 
darkness o f the pattern . F ir s t , the sign al that i s  to be analyzed i s  
recorded on a magnetic d isc  in  the instrument. This sign a l i s  repro­
duced repeatedly and the sign a l spectrum i s  scanned during each rep eti­
t io n , e ith er  by a 45-cycle  or 300-cycle band-pass f i l t e r .  As the re­
cording sty lu s s h if t s  gradually along the frequency sca le , in  synchrony 
with the scanning o s c i l la to r ,  the output o f the analyzing f i l t e r  i s  re­
corded e le c tr o s ta t ic a lly  on dry facsim ile  paper that i s  fastened around 
a drum rotating  synchronously w ith the magnetic d is c . While most re­
searchers have reported generally  con sisten t information concerning 
spectrum d ifferen ces which r e su lt  in  nasal speech, Dickson (14) reported 
th at the sound spectrograph did not co n sisten tly  d if fe re n tia te  the le a s t  
nasal from the most nasal su b jects, nor did i t  co n sisten tly  d if fe r e n t i­
ate the c le f t  palate subjects from the n o n -c le ft palate subjects in  h is  
study. Further, Hanson (2?) has suggested th at the sound spectrograph 
may be in se n s it iv e  to mild n a s a lity . These findings suggest that the  
sound spectrograph may have lim ita tio n s  in  d iffe re n tia tin g  degrees o f  
n a sa lity  present in  c le f t  palate speech.
Devices to Measure Sound Pressure 
A number o f  researchers in vestigated  the in te n s ity  o f  nasal 
resonance which was measured by converting sound energy in to  e le c tr ic a l  
energy by means o f  a microphone, and measuring the in ten s ity  o f the 
e le c tr ic a l  s ig n a l. Hultzen (32) placed a contact microphone on a wooden 
adapter that f i t  over the nose. The e le c tr ic a l  s ig n a ls  from the micro­
phone were am plified and reg istered  on a meter, R ussell and Cotton (51) 
were in terested  in  the r e la t iv e  in ten sity  o f  nasal and oral resonance.
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By means o f  two rubber tubes, one equipped with a nasal o liv e  and the 
other with a funnel for the mouth, they channeled the ora l and nasal 
sound in to  a sound-insulated box, housing a microphone, A s lid in g  p la te  
on top o f the box served as a sw itch, allowing a ltern ate  recording o f the  
oral and nasal sound signal in  a s in g le  speech sample. The e le c tr ic a l  
sign a ls  from the microphone were v isu a lized  on an o sc illo sco p e , and 
photographs o f the waves served as a permanent record. In a l l  o f  these  
measurements o f  sound in te n s ity , nasal o liv e s  or adapters were employed. 
The probe-tube microphone was apparently f i r s t  used in  the study 
o f  n a sa lity  by Weiss (64), who in vestigated  the rela tion sh ip  o f "oral" 
and nasal sound pressure le v e ls  to judged sev er ity  o f  n a sa lity . His sub­
je c t  sample was predominantly composed o f fu n ctio n a lly  nasal ca ses . One 
condenser microphone was placed about e igh t inches in  front o f  the sub­
j e c t ’s mouth to  record the "oral" sound pressure o f the speech s ig n a l. 
Recording o f  the nasal sound pressure was made by means o f  a probe-tube 
microphone th at was inserted  one-quarter inch in to  one o f the n o s tr i ls .  
Tape recordings o f  the "oral" and nasal speech s ig n a ls  were made sepa­
r a te ly  but sim ultaneously while the subject read a connected speech 
sample. The amount o f nasal and "oral" sound pressure present in  each o f  
the recorded speech samples made for each subject was measured by means 
o f  a power le v e l  recorder. In ten sity  v a r ia tion s in  the recorded samples 
resu lted  in  d e flec tio n s  o f  a w riting sty lu s  o f  the le v e l  recorder that 
made v is ib le  tracings on calibrated chart paper. L istener judgments o f  
the sev er ity  o f  n a sa lity  o f  the "oral" speech samples were obtained by 
the method o f  paired comparisons. C orrelations o f  th ese n a sa lity  ratings  
and mean sound pressure le v e ls  were then made,
Weiss reported that there was a strong p o s it iv e  correlation
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between the judged sev er ity  o f  n a sa lity  and the d ifference between to ta l  
and nasal sound pressure le v e l s .  He concluded that the instrumentation  
and methodology employed in  h is  study were e ffe c t iv e  in  providing measure­
ments o f  sound pressure that were c lo se ly  re la ted  to judgments o f sev er ity  
o f n a sa lity .
Summers (60) used Weiss' instrum entation to measure the in ten ­
s i t y  o f  nasal resonance in iso la ted  vowels th at were spoken a t various 
"oral" in te n s ity  le v e ls  by normal su b jects . He reported th at nasal-"oral"  
sound pressure d ifferen ces decrease when vowels are spoken a t higher in ­
t e n s i t ie s .
P ierce (4?) u t i l iz e d  procedures and instrumentation sim ilar to 
those described by Weiss to evaluate the e f fe c t  o f  f iv e  types o f  speech 
appliances in  reducing n a sa lity  in  f iv e  c l e f t  palate subjects during the 
production o f vow els, words, and sentences. Nasal and "oral" ( to ta l)  re­
cordings were made o f the speech samples with and without the speech ap­
p lian ces in  p lace . Measurements o f sound pressure in  the nasal and 
"oral" ( to ta l)  speech sign a ls o f the vowels and CVC words were taken from 
le v e l  recorder tra c in g s. L istener judgments o f  n a sa lity  were made o f the 
"oral" recordings o f the sentences. Correlations were then made between 
the sound pressure d ifferen ces and the n a sa lity  ra tin gs. The mean corre­
la tio n  c o e f f ic ie n t  for the sound pressure d ifferen ces in  vowels and na­
s a l i t y  ratin gs in  sentences was , 71, w hile the correlation  c o e ffic ien t o f  
the sound pressure d ifferen ces in  CVC words and n a sa lity  ratings in  sen­
tences was , 67 .
The p o ssib le  usefu lness o f  the probe-tube assembly in  the study 
o f  n a sa lity , r e f lec te d  in these stud ies o f  fu n ction a lly  nasal and c le f t  
palate su b jects , points to the need for  a system atic and more thorough
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in vestiga tion  o f  the technique. S p e c if ic a lly , there i s  a need for  more 
information concerning the rela tion sh ip s o f  sound pressure measures and 
n a sa lity  ratings among various types o f  speech samples produced by an 
adequate number o f c le f t  palate speakers. There i s  a need, a lso , for  
information concerning the relationsh ip  o f the major methods o f  rating  
n a sa lity  in  connected speech, i ,  e , ,  forward and backward p lay o f record­
ed speech samples, and measurements o f  nasal and "oral" sound pressure. 
Such information might be expected to  aid our understanding o f  the re la ­
t iv e  usefu lness and e ffectiv en ess  o f these rating procedures. I t  i s  with 
these research needs that the present study i s  concerned.
CHAPTER III
DESIGN OF THE INVESTIGATION
The purpose o f  the present study was to in v estig a te  the re la ­
tion sh ip s o f nasal-"oral"^ sound pressure d ifferences^  and subjective  
ratings o f  n a sa lity  in  a sample o f vowels and in  a sample o f  sentences, 
judged under conditions o f  forward and backward p lay . The subject sample 
consisted  o f  a group o f  adolescent and adult c le f t  palate persons. Spe­
c i f i c a l ly ,  the follow ing research questions were asked:
1, What d ifferen ces  in  nasal-"oral" sound pressure mea­
sures e x is t  among s ix  vowels and s ix  sentences?
2, What d ifferen ces  in  n asa lity  ratings e x is t  among s ix  
vowels and among s ix  sentences played forward and 
backward?
3, What re la tio n sh ip s e x is t  between the sound pressure 
measures and n a sa lity  ratings for  s ix  vowels and for  
s ix  sentences played forward and backward?
In the present study, objective measurements o f  nasal and "oral" 
sound pressures were obtained by means o f a dual-channel audio recording 
system and a power le v e l  recorder. Subjective ratings o f  the degree o f
^The "oral" speech s ig n a l, recorded e igh t inches in  front o f  the 
mouth, was the to ta l  speech sign al emitted by the speaker and included 
sound emitted from both the oral and nasal c a v it ie s .  However, for pur­
poses o f  brev ity , th is  to t a l  speech signal w i l l  be referred to as the 
"oral" speech s ig n a l,
^The terms " n asa l-'ora l' sound pressure difference" and "nasal- 
'oral* sound pressure measure" w ill  be employed to  refer  to the arith ­
metic d ifference in  d ec ib e ls  between the nasal sound pressure and the 
"oral" sound pressure,
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n a sa lity  present in  the recorded speech samples were made along a f iv e -  
point sca le  by Judges experienced in  judging o f c le f t  palate speech.
Thus, for each o f the speech items produced by each su b ject, physical 
measures o f  nasal-"oral" sound pressure d ifferen ce and ratings o f  per­
ceived n a sa lity  were ava ilab le  for a n a ly sis . I t  was the plan o f  th is  
study to determine, by means o f appropriate s t a t i s t i c a l  procedures, the  
rela tion sh ip s o f  th ese  physical and subjective measures. The se lec tio n  
o f su b jects, the experimental apparatus, and the procedures followed in  
the c o lle c tio n  o f the data are presented in  the follow ing sec tio n s.
Subjects
Twenty adolescent and adult persons w ith congenital c le f t  palate  
were chosen as subjects in  th is  study. Thirteen male and seven female 
subjects were se lec ted  from the f i l e s  o f  p la s t ic  surgeons in  private  
p ractice , the U niversity o f  Oklahoma Speech and Hearing Center, and the 
Oklahoma Department o f Public Welfare C le ft Palate Center, Subjects in ­
cluded in  th is  sample were required to be more than f i f t e e n  years o f  age, 
to present an operated c le f t  p a la te , to present no more than a 20 db 
hearing lo s s  in  the speech range in the b etter  ear, and to be capable o f  
performing the experimental task .
The lower age l im it  o f  f if te e n  years was chosen to u t i l i z e  sub­
je c ts  who had completed pubertal voice change and whose cran io -fac ia l 
growth was, for the most part, accomplished. The subjects ranged in age 
from f if te e n  to forty-two years; the mean age was twenty years. The age 
o f the male subjects ranged from f if te e n  to forty-two years, with a mean 
age o f eighteen years. The age o f the female subjects ranged from 
seventeen to th ir t y - s ix  years, with a mean age o f  twenty-four years.
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A ll subjects were required to present an operated c le f t  palate  
to assure a reasonable homogeneity o f the subject sample. No attempt, 
however, vias made to l im it  the sample with respect to type of c le f t  
palate or type o f surgery. Seven subjects presented b ila te ra l complete 
c le f t s  o f the l i p  and palate; e ight sub jects, u n ila tera l complete 
c le f t s ;  and f iv e  su b jects , iso la ted  c le f t s .  To fa c i l i t a t e  s t a t i s t ic a l  
treatment o f  the data, subjects were chosen who represented varying de­
grees o f n a sa lity  as determined by the in v estig a to r . No attempt was 
made to  exclude subjects presenting a rticu la tio n  problems because na­
s a l i ty  in c le f t  palate persons i s  often associated  with m isarticu lation  
o f  pressure consonants.
In order to  exclude d e fic ie n t hearing and, consequently, imper­
fe c t  auditory monitoring o f  speech as a variab le in  th is  study, a pure 
tone sweep-frequency audiometric te s t  was administered to each subject 
at a 20 db hearing le v e l  a t the frequencies $00, 1000, and 2000 cps. No 
subject included in  the sample presented a lo s s  greater than 20 db at 
any frequency te sted  in  the b etter  ear.
Subjects were required to have su ff ic ie n t  in te llig en ce  to per­
form the experimental ta sk . The task n ecessita ted  the a b il ity  to main­
ta in  the oral speech sign a l a t a sp ec ified  in te n s ity  le v e l as monitored 
by a VU meter, as w e ll as to read or to speak from memory the short t e s t  
sentences. One subject was excluded from the study because he was un­
able to remember the sentences and to read them correctly .
Apparatus
This study required instrumentation for: (a) an audio record­
ing system for the nasal and "oral* speech s ig n a ls , (b) a graphic re -
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cording system to  d isp lay  the in ten sity  o f the nasal and "oral" speech 
s ig n a ls , (c) a ca lib ration  system for the nasal microphone, dual-channel 
tape recorder, and power le v e l  recorder, (d) a playback system for the 
"oral" speech sign al on which ratings o f  n a sa lity  were made, and (e) a 
signal system to  guide the subject in the experimental task .
Description
Audio recording system. —The audio recording system consisted  
of; (a) two one-half inch condenser microphone cartridges (Bruel and 
Kjaer, Type 4-134), one o f  which was equipped with a probe-tube (Bruel 
and Kjaer Probe Microphone K it, Type ÜA 0040); (b) two pream plifiers 
(Bruel and Kjaer, Type 2415); (c) two microphone am plifiers (Bruel and 
Kjaer, Type 2503) ,  one o f  which had an equalizing f i l t e r  inserted  in  i t s  
c irc u it;  and (d) a dual-channel magnetic tape recorder (Ampex, Model 
354) ,  A block diagram o f the audio recording system i s  presented in  
Figure 1,
The condenser microphones were designed for precise sound pres­
sure measurements under free sound f ie ld  conditions. These microphones 
were calibrated by the manufacturer, and th e ir  frequency responses were 
reported to  be f l a t  w ithin + 2 db from 20-20000 cps in  a sound f ie ld .
The oral microphone cartridge was equipped with a protective  
grid which, according to  the manufacturer’ s sp e c if ic a t io n s , does not ap­
preciably a lte r  the frequency response o f the microphone below 10000 cps, 
when the microphone i s  placed at a 90° angle o f incidence to  the sound 
source.
The nasal microphone cartridge was id e n t ic a l to the "oral" 
microphone cartridge; however, i t  was modified by the addition o f an
NASAL m icrophon; 
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FIGURE 1 .—B lo ck  d iag ra m  of t h e  n a s a l  and " o r a l "  a u d io  r e c o r d in g  s y s te m .
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adapter and a probe-tube. The probe-tube adapter screwed onto the nasal 
microphone cartrid ge, and the probe-tube was fo r c e -f it te d  in to  the adapter, 
providing a co u stica lly  t ig h t sea ls  a t th ese  points o f  connection. The 
probe-tube was one m illim eter in outside diameter and s ix -ten th s m il l i ­
meter in  in s id e  diameter. An outside diameter o f th is  magnitude allowed 
the tube to be inserted  in to  the nasal meatus without contacting the 
columella and a la  and without appreciably a lter in g  the sound pressure en­
vironment in  the nose (4 ) . The thickness o f  the probe-tube wall was suf­
f ic ie n t  to  provide a s ig n a l-to -n o ise  ra tio  as great as 44 db, according 
to  the manufacturer' s sp e c if ica t io n s . The length o f the probe-tube, 
measured from the t ip  o f the adapter, was three inches. This length o f  
tube was necessary to allow placement o f  the nasal microphone and pre­
am plifier out o f  the path of the o r a lly  emitted speech s ig n a l, thus mini­
mizing the impedance to the ora l s ig n a l. The probe-tube was made as 
short as p o ssib le  to improve i t s  s e n s it iv ity  (5 ) . However, the probe- 
tube offered  considerable high-frequency damping as indicated in  the fre ­
quency response curve in  Figure 2, n ecess ita tin g  the placement o f  s te e l  
wool damping m aterial in  the probe-tube, as w ell as the use o f an equal­
iz in g  f i l t e r  to be described la te r .  The s t e e l  wool o ffered  s e le c t iv e  
damping o f  the low frequencies, prim arily, and aided in  fla tten in g  the 
frequency response curve o f  the probe-tube microphone.
The microphone am plifiers were designed to amplify the voltage  
o f  small a lternatin g  currents with a p o ten tia l gain o f  100 db, and th e ir  
reported frequency responses were lin ea r  from 2-40000 cps. When used 
with the Bruel and Kjaer condenser microphones, the am plifiers functioned  
as sound le v e l  meters, ind icating  sound pressure in  d ec ib e ls  (re; 0,0002  
dyne/cm^) on the VÜ meter.
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FIGURE 2.—Frequency response curve of the nasal microphone i-rith the first
probe-tube, when the reference tone was held constant at 100 db SPL.
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An equalizing f i l t e r  was inserted  in  the external f i l t e r  c ir c u it  
o f  the am plifier used with the nasal microphone. The purpose o f th is  
equalizing f i l t e r  was to  provide a f la t te r  frequency response in  the 
nasal system by damping the low frequencies approximately the same amount 
th at the probe-tube damped the high frequencies. Two d ifferen t probe- 
tubes and equalizing f i l t e r s  were used in  th is  study. For use with the 
f i r s t  probe-tube, an equalizing f i l t e r  con sistin g  o f a 0,0196 microfarad 
condenser in  p a ra lle l with a 27000 ohm r e s is to r , both o f which were placed  
in  ser ie s  with a 1?00 ohm r e s is to r , was constructed to produce a frequency 
response curve that was e sse n tia lly  f la t  within + 4-,5 db to 5000 cps, as 
indicated in Figure 3. However, one subject, who was unable to perform 
the experimental task , damaged the f i r s t  probe-tube, n ecessita tin g  a 
second probe-tube and f i l t e r  to a tta in  the desired frequency response.
The second f i l t e r  consisted  o f a 0,02 microfarad condenser in  p a ra lle l 
with a 33000 ohm r e s is to r , both o f which were placed in  ser ie s  with a 
1500 ohm r e s is to r . The frequency response o f the nasal microphone employ­
ing the second probe-tube and equalizing f i l t e r  was e s se n t ia lly  f la t  
w ithin + 4 ,5  db to 50OO cps, as indicated in  Figure 4 .
The dual-channel magnetic tape recorder that was used in  the 
simultaneous recording o f the nasal and "oral" speech sign a ls was matched 
for impedance with the microphone am p lifiers, and i t s  frequency response 
a t an operating speed o f 7 .5  inches per second was + 1 db from 40-12000 
cps, according to the manufacturer's sp e c if ic a t io n s .
Graphic recording system, —The nasal and "oral" sign a ls repro­
duced by the tape recorder described above were introduced into a le v e l  
recorder (Bruel and Kjaer, Type 2304), which recorded voltage variation s  
w ithin the frequency range o f 20-20000 cps as a function o f tim e. The
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FIGURE 3.--Frequency response curve of the nasal microphone with the first
probe-tube and its equalizing filte r, when the reference tone was held con­
stant at 100 db SPL.
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FIGURE 4.—Frequency response curve of the nasal microphone with the second
orobe-tube and its equalizing filte r, when the reference tone was held con­
stant at 100 db SPL.
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le v e l  recorder was equipped with a 50 db input potentiometer that was 
accurate w ithin + .5 db, according to the manufacturer's sp e c if ica tio n s . 
When the voltage changes that were stored on the magnetic tape, repre­
senting sound pressure changes in  the speech s ig n a ls , were introduced 
in to  the le v e l  recorder, a d eflection  o f  the le v e l  recorder's w riting  
sty lu s  was produced. The sty lu s made tracings on chart paper that was 
ruled in 5 db in te r v a ls .
C alibration system, —The system for ca lib ratin g  the nasal con­
denser microphone, dual-channel tape recorder, and power le v e l recorder 
consisted  o f  a pure tone o sc il la to r  (Hewlett Packard, Model 201-C) which 
drove an am plifier-speaker (Ampex, Model 620), The assembly composed o f  
the "oral" condenser microphone and i t s  associated  am plifier served as a 
sound le v e l  meter in  the calibration system, A block diagram o f the 
ca lib ration  system i s  presented in  Figure 5 .
Playback system, —Two sin g le-track  tape recorders (Ampex, Model 
601) were used in  conjunction with an am plifier-speaker (Ampex, Model 
620) as the playback system in  the procedure o f  judging n a sa lity  in  the 
"oral" speech s ig n a ls , A hand-operated switch located  between the tape 
recorders and the am plifier-speaker allowed the experimenter to switch 
quickly from one recorder to the other and to  transduce the sign al from 
e ith er  recorder over the am plifier-speaker. One o f  the recorders played 
the tape-loop o f reference samples to be described la te r , while the sec­
ond tape recorder played the "oral" speech s ig n a ls  th at were to be rated 
by the judges. The am plifier-speaker was matched for impedance with the 
tape recorders. The tape recorders had a f l a t  frequency response w ithin  
+ 2 db from 40-10000 ops when operating a t a tape speed o f  7 .5  inches 
per second, according to the manufacturer's sp e c if ic a t io n s . Gain con-
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FIGURE 5 . — Block d iagram  o f  t h e  c a l i b r a t i o n  system  as  u se d  in  c a l i b r a t i n g  th e  n a s a l  microphone
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t r o is  on the recorders and am plifier-speaker allowed adjustment o f  the 
sign al to a loudness le v e l  th at was comfortable for the judges.
Signal system. —The system used to s ign a l to  the subjects when 
they should begin and terminate phonation consisted  o f  a simple cam tim er 
whichf when activated  by the experimenter, controlled  illum ination o f  two 
sign al l ig h ts  in  the subject room according to predetermined time in ter ­
v a ls .
Calibration
Nasal microphone. —In ca lib ratin g  the nasa l microphone, the 
"oral" condenser microphone was used as a referen ce. The oral microphone 
as calibrated by the manufacturer was f l a t  w ithin + 2 db from 20-20000 
cps. As previously noted, when the "oral" microphone was used with i t s  
associated  microphone am plifier, i t  served as a sound le v e l  meter.
The reference microphone was placed a t a 90° angle o f incidence  
to the am plifier.speaker a t  a distance o f one inch from the sound source 
in  an a co u stica lly  iso la ted  room. The nasal probe-tube microphone was 
placed at an acute angle one-quarter inch above the reference microphone. 
The pure tone o s c i l la to r  and the microphone am p lifiers were located in  an 
adjoining control room (See Figure 5 ) ,
The am plifier-speaker, driven by the pure tone o s c i l la to r , pro­
duced a tone o f  su ff ic ie n t  in te n s ity  to r e g is te r  100 db 8PL on the meter 
o f the reference microphone am p lifier . Concurrently, the response o f  
the nasal probe-tube microphone was read on the meter o f  i t s  associated  
am p lifier . Such readings were taken at 100-cycle in terv a ls  through 5000 
cps and a t 1000-cycle in terv a ls  from that poin t to  10000 ops. The re­
sponse o f  the nasal microphone with the f i r s t  probe-tube and equalizing
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f i l t e r  i s  found in Figure 3 and the response o f  the second probe-tube 
and equalizing f i l t e r  i s  found in  Figure 4 . The response curves are
e sse n t ia lly  f la t  w ithin + 4 ,5  db to 5000 cps.
To obtain a s in g le  value o f  the attenuation provided by each of
the probe-tubes, with th e ir  respective f i l t e r s ,  the means o f the sound
pressure readings to 5000 cps were computed. These means were then sub­
tracted  from the In ten sity  le v e l o f  the reference tone a t the diaphragm 
o f the reference microphone as measured on the meter o f  the "oral" micro­
phone am p lifier , and the d ifference indicated the amount o f attenuation  
in  d ec ib e ls . The mean attenuation was 29 db for the f i r s t  probe-tube 
and associated  f i l t e r ,  and 30 db for  the second probe-tube and a sso c i­
ated f i l t e r .
Dual-channel tape recorder.--S in ce  the tape recorder used in  th is  
study was newly purchased, an audio engineer made the necessary alignments 
and performance checks to  assure that the recorder was operating properly. 
The d a ily  ca libration  procedure involved adjusting the "record" 
le v e l  o f  each channel o f  the recorder. A 1000 cps pure tone, produced by 
a pure tone o s c il la to r  In the control room, was transduced by the ampli­
fier-speaker located  in the subject room. The sign al was picked up by 
the reference microphone, placed a t a 90° angle o f  incidence to and one 
inch in front o f  the sound source. The in te n s ity  o f  the sign a l was ad­
justed u n til  i t  produced a 20 db d e flec tio n  o f  the VU meter o f  the refer ­
ence microphone am p lifier . The "record" le v e l  potentiometer o f  the tape 
recorder was adjusted u n t il  the sign al produced a d eflec tio n  o f  20 db on 
the tape recorder's VU meter for the "record" head.
Prior to playing back the recorded speech sign a ls  and in tro ­
ducing them in to  the power le v e l recorder, i t  was necessary to adjust the
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tape recorder’ s ’’reproduce” le v e l  to match i t s  "record” le v e l .  F ir s t , 
the ’’record” le v e l  was adjusted in  the manner described above. Then, 
while the reference tone was present, the ’’reproduce” potentiometer was 
adjusted u n til  the output sign a l from the ’’reproduce” head was equal in  
in ten sity  to the output sign a l from the "record” head.
Power le v e l recorder,--The power le v e l  recorder was calibrated  
by means o f  a 1000 cps sign al th at was produced by the audio o s c il la to r ,  
transduced by the am plifier-speaker, picked up by the reference micro­
phone, and am plified by the "oral” microphone am plifier which served as 
a sound le v e l  meter. The in te n s ity  o f  the signal was adjusted to read 
20 db on the VU meter o f  the microphone am plifier. As th is  sign al was 
introduced in to  the le v e l  recorder, producing a tracing on the chart 
paper, the input potentiometer o f  the power le v e l recorder was adjusted  
so the tracing coincided with a designated lin e  on the chart paper. The 
in ten sity  represented by th is  lin e  in  the chart recordings o f each speech 
production, was equal to  20 db plus the amount o f attenuation in  decibels  
that was used when the speech production was o r ig in a lly  tape recorded.
Procedure 
Speech Sample
Six iso la ted  vowels and s ix  short sentences were used as the 
speech sample in th is  study. I t  was desirable to include both iso la ted  
vowels and sentences in  th is  study to allow in vestiga tion  o f  d ifferences  
in  sound pressure measurements and n a sa lity  ratings among d ifferen t types 
o f speech samples. Van Hattum (61) and Spriestersbach and Powers (57)» 
for example, have observed d ifferen ces between ratings o f  n a sa lity  in  
iso la ted  vowels and those in  connected speech, Spriestersbach and Powers
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have speculated that th is  may be due to greater d if f ic u lt y  in  judging 
n a sa lity  in  iso la ted  vowels, while Lintz and Sherman (39) speculated  
that there may be a d ifference in  the in te n s ity  o f nasal resonance in  
vowels in  iso la t io n  and in  vowels in  consonant context.
The vowels [ i ] ,  [ae] , [q ], [a ], [u ], and [o] were used in  th is  
study for two reasons. F ir s t , several in vestiga tors (63, 57) have ob­
served th at certain o f  these vowels are perceived as being more nasal 
than oth ers. I t  was o f  in te r e s t , th erefore , to determine i f  vowels also  
d iffered  in  nasal-"oral" sound pressure and to explore d ifferen ces in  the 
rela tion sh ip s o f  sound pressure measures and n a sa lity  ratings among vowel 
sounds. Second, these s ix  vowels represent various p o sition s in  the 
trad ition a l vowel tr ian g le  and allow  an a lysis  o f the find ings with re­
spect to  tongue placement during vowel production.
S ix  short sentences comprised the connected speech sample (See 
APPENDIX B), Nasal consonants were excluded from these sentences because 
o f the in fluence these sounds might have on n a sa lity  ratings and on mea­
surement o f  nasal sound pressure. The absence o f nasal consonants in  
these sentences was considered to allow  a b etter  discrim ination o f  sub­
je c ts  with varying degrees o f n a sa lity . An e ffo r t  was made to include  
in  the group o f  sentences an equal number o f each o f the vowels [ i ] ,
[a s ] ,  [q ], [a ], [u ], and [o ] , as w ell as other major vowels in  American 
E nglish, An e ffo r t  was also made to include in  the group o f sentences 
an equal number o f fr ic a t iv e  and p losive  sounds and voiced and v o ic e le ss  
sounds.
Recording Procedure 
A ll speech samples were recorded in  an a co u stica lly  iso la ted
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room at the U niversity  o f  Oklahoma Speech and Hearing Center, The ambient 
noise le v e l  o f th is  room was approximately 30 db as measured on the 
C-scale o f  a sound le v e l  meter (General Radio, Type 759).
The subject room contained only the su b ject's  chair, a tab le  on 
which the "oral" microphone am plifier and s ig n a l lig h ts  were placed, a 
stand to which the "oral" microphone and pream plifier were a ff ix ed , and an 
adjustable wall-mounted arm to which the nasal microphone and pream plifier  
were a ffix ed . The control room contained the nasal microphone am p lifier , 
the dual-channel magnetic tape recorder, and the cam timer that con­
tr o lle d  the sign a l l ig h t s .
Following instru ction  in  the use o f  the signal l ig h ts  and moni­
toring VU meter (See APPENDIX C), each subject was seated in  a denta l- 
type chair. The height o f the sea t, in c lin a tio n  o f the back, and p o sitio n  
o f the headrest were adjusted so that the su b ject's  p o sitio n  was su ita b le  
for placement o f  the probe-tube. A wide, adjustable canvas strap held the 
su b ject's  head to the headrest, reducing head movement and changes in  the 
r e la t iv e  p osition  o f  the probe-tube. The stand to which the "oral" con­
denser microphone was attached was moved in to  p osition  so th at the micro­
phone was a t a 90° angle o f incidence to  and approximately e igh t inches in  
front o f  the su b jec t's  mouth. The arm holding the nasal microphone was 
adjusted so that the probe-tube projected a t an acute angle approximately 
one-quarter inch in to  the vestib u le  o f  the su b ject's  least-occlu d ed  nasal 
meatus. The choice o f  n o s tr il for placement o f  the probe-tube was de­
termined by v isu a l inspection  and from condensation tracings o f  a ir  ex­
haled through the nose upon a mirror.
To monitor the in ten sity  o f  the "oral" speech s ig n a l, the subject 
was instructed  to peak h is speech production a t 75 db on the VU meter o f
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the "oral" microphone am p lifier . This in te n s ity  le v e l was chosen to  
assure a s ig n a l-to -n o ise  ra tio  o f a t le a s t  20 db. This in ten s ity  le v e l  
was a lso  chosen because, in  a preliminary p i lo t  study, i t  seemed to be 
the most comfortable phonation le v e l for most su b jects. Located above 
the "oral" microphone am plifier were the sign a l l ig h ts  used to  inform 
the subject when to begin and terminate phonation o f  the vowels. They 
were so placed th at the meter, signal l ig h t s ,  and speech m aterial could 
be viewed at a g lance. When the cam timer was activated , a one-second 
amber l ig h t  ind icated  to the subject that he should prepare to phonate; 
th is  was followed immediately by a three-second white l ig h t  which in d i­
cated the period for phonation.
After the subject and the microphones were su itab ly  position ed , 
the subject was given an opportunity to fam ilia r ize  him self with the 
speech m aterial and the experimental procedure. The subject was then 
instructed to produce selected  vowels and sentences a t the appropriate 
in te n s ity  l e v e l ,  during which time the in v estig a to r  adjusted the attenu­
ators on the nasal microphone am plifier so that the nasal speech sign al 
for that subject could be accommodated w ithin the 20 db range o f  the VU 
meter on the nasal microphone am plifier.
The experimental vowels and sentences were printed on three- 
b y-five  inch cards e a s ily  v is ib le  to the su bject, and the subject was 
asked to repeat each o f  the speech items a fter  the in v estig a to r . The 
vowels appeared in  common words in  which the vowel sound was underlined. 
The subject phonated only the underlined vowel sound. The order o f  pre­
sentation  o f the group o f  vowels and the group o f  sentences, as w ell as 
the order o f presentation  o f  the items in  each group, was determined 
a ta b le  o f random numbers.
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In ten sity  Measurements 
The tape recorded nasal and "oral" speech sign a ls were in tro­
duced separately in to  the power le v e l recorder in  order to produce a 
graphic representation of in te n s ity . The le v e l  recorder was operated 
with a paper speed o f  th ir ty  m illim eters per second and a w riting speed 
o f 300 m illim eters per second. These speeds were chosen because they 
provided adequate reso lu tion  o f the data. The w riting speed, however, 
was not so fa s t  th at the momentum o f the w riting sty lu s  caused i t  to 
overshoot.
The calibrated chart paper (Bruel and Kjaer, QP 2350) was white- 
waxed black paper that was ruled in  ten equal in ter v a ls , each o f which 
represented 5 db. The chart paper allowed a recording range o f 50 db.
The in te n s ity  le v e ls  o f the nasal signal and o f the "oral" s ig ­
nal for each vowel were determined by measuring the amplitude o f the 
le v e l recorder tracings at points f iv e  m illim eters apart in the steady- 
sta te  portion o f the vowel and obtaining a mean o f  these measurements.
The in te n s ity  le v e ls  o f the nasal and the "oral" sign a ls for  
each sentence were a lso  determined by measuring the amplitude o f  the 
le v e l recorder tracings a t points f iv e  m illim eters apart and obtaining  
the mean o f these measurements. In the sentences, f iv e  m illim eter in ter ­
v a ls  were marked o f f ,  beginning at the point where the w riting sty lu s  
intercepted the base l in e  o f the chart paper. The base lin e  was re­
garded as the f i r s t  l in e  above the le v e l where random tracings o f the 
w riting sty lu s  occurred due to in ternal equipment noise and/or noise o f  
the su b ject's  resp ira tio n .
After the sound pressures in  d ecibels were determined for the 
nasal and the "oral" sign a ls for each speech production, an arithm etic
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difference was derived, and th is  figure expressed in  d ecibels was the 
nasal-'*oral” sound pressure for the speech production.
N asality Ratings
Three judges, members o f the facu lty  o f  the U niversity o f  Okla­
homa Department o f Communication Disorders, rated the sever ity  o f na­
s a l i ty  o f  the recorded "oral" speech productions. These persons hold 
advanced degrees in  the f ie ld  o f speech pathology and are p articu larly  
experienced in  the evaluation of c le f t  palate speech.
In th is  procedure, each o f the speech samples on the orig in a l 
tape were played by the dual-channel tape recorder and re-recorded on 
another tape using an Ampex tape recorder (Model 601), By means o f tape- 
clipping and sp lic in g , the productions o f  a given speech item were ran­
domized for presentation to the judges. The groups o f speech items were 
presented in the following order; vowels, sentences played forward, and 
sentences played backward. The order o f presentation o f the vowels was 
[ i ] ,  [as ] ,  [a ] , [ /\] , [u ], and [o ] , while the sentences, both in  forward 
and backward play, were presented in  th e ir  numerical order (See APPEN­
DIX B),
The ratings o f the speech productions took place in  the acousti­
ca lly  iso la ted  subject room where the speech samples were o r ig in a lly  re­
corded, The three judges were seated in front o f and facing the ampli­
fier-speaker which was placed about four fe e t  away. The tape recorders 
(Ampex, Model 601) used for the playback o f the speech productions were 
located in  an adjoining control room. The judges were instructed  to 
l is t e n  to  each speech production and to rate independently the sever ity  
o f n a sa lity , using a fiv e -p o in t rating sca le  in  which "1" represented
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the m ildest n a sa lity  and "5" represented the severest n a sa lity  in  the 
twenty productions o f  the item being rated.
To provide the three judges with a common reference for degrees 
o f n a sa lity  that should be rated '*1*' and "5", a preliminary ra tin g  o f  the 
twenty productions o f each item was conducted. In the prelim inary ra t­
in g , the judges lis ten ed  without interruption to the twenty productions 
o f a given speech item to e sta b lish  the range o f n a sa lity  displayed in  
that item . The twenty productions were played again and each was rated  
independently by the judges along a fiv e -p o in t sca le  o f n a sa lity . On the 
b asis o f  the preliminary ra tin g , the two le a s t  nasal productions and the 
two most nasal productions o f each speech item were chosen as reference  
samples to be used in  the f in a l ra tin g . These four productions o f  each 
item were re-recorded on mylar magnetic tape and sp liced  together in to  a 
circu lar tape-loop.
One week la te r ,  the judges met in  the se ttin g  described above 
and were instructed in th eir  l is te n in g  and rating task . A copy o f  the 
in stru ction s given to  the judges i s  presented in  APPENDIX C. Before each 
speech production to be rated was presented, the reference samples repre­
senting the two le a s t  nasal and the two most nasal productions o f  that 
item were played, in  th at order. Immediately th erea fter , the production 
to  be judged was presented and rated independently by each judge on a 
fiv e -p o in t sca le .
The en tire  procedure was repeated one month la te r  to evaluate  
consistency o f ratings within judges. Spearman rank correlation  coef­
f ic ie n ts  for the ratings on the f i r s t  and second rating sessio n s were 
computed for each judge for each speech item . The mean o f the correla­
tio n s  across a l l  items for each judge were as follow s; Judge #1 , .766;
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Judge #2 , .756; and Judge #3» .818. These correlation  c o e ffic ien ts  in ­
dicated high intrajudge agreement.
The interjudge agreement for each speech item was determined by 
means o f Spearman rank correlation  c o e f f ic ie n ts . The mean o f  the corre­
la t io n  c o e ff ic ie n ts  averaged over a l l  combinations o f  the three judges 
were .537 for the vow els, .586 for the sentences played forward, and 
.489 for the sentences played backward.
In order to obtain a s in g le  value for the judged n a sa lity  o f  
each speech production, the median o f the s ix  ratin gs given by the three  
judges in  the two rating  session s was determined. This median for each 
speech production was regarded as the n a sa lity  rating o f  that produc­
t io n . The r e su lts  o f  th is  in v estiga tion  and a d iscussion  o f the findings  
are presented in  the follow ing section .
CHAPTER IV 
RESULTS
This study was designed to in v estig a te  the relationsh ips among 
nasal-"oral" sound pressure differences^ and n a sa lity  ratings o f  a speech 
sample o f s ix  iso la ted  vowels and s ix  sentences produced by twenty ado­
le scen t and adult c le f t  palate persons. The nasal and "oral" speech 
s ign a ls  were recorded simultaneously and the sound pressure of each o f  
these sign a ls in  decibels^ was determined. The arithm etic d ifference o f  
the nasal and "oral" sound pressures was then obtained for each vowel 
and sentence produced by each su b ject. Trained judges rated the n a sa lity  
o f the "oral" recording o f  each vowel and sentence produced by each sub­
je c t  along a fiv e -p o in t sca le . Thus, the raw data o f  th is  experiment 
consisted  o f nasal-"oral" sound pressure d ifferences and n a sa lity  rat­
ings for each item in  the speech sample produced by each subject.
To accomplish the stated  purpose o f  th is  in v estig a tio n , the data 
were analyzed by appropriate parametric and nonparametric forms o f analy­
s is  o f variance, by the Duncan M ultiple Range Test, and by Spearman rank 
correla tion s. An alpha le v e l  o f  ,05 was se t  for these t e s t s ,
^As previously s ta ted , the "oral" speech sign al i s  the to ta l  
speech sign a l emitted from the ora l and nasal c a v it ie s  and sampled eight 
inches in  front o f  the mouth. The expressions "nasal-’ora l' sound pres­
sure difference" and "nasa l-'ora l' sound pressure measure" refer  to the 
arithm etic d ifference o f  nasal and "oral" sound pressures.
^Re: 0,0002 dyne/cm^,
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Sound Pressure Measures 
One o f  the major purposes o f  the present study was to in v e s t i­
gate d ifferen ces in  the nasal-"oral" sound pressure measures among the  
s ix  vowels and s ix  sentences. In view o f  the fa c t th at several research­
ers (63> 57) have indicated that high vowels and front vowels are per­
ceived to be more nasal than low vowels and back vowels in  c le f t  palate  
speakers, i t  was o f in te r e s t  to see i f  corresponding d ifferen ces in  
nasal-"oral" sound pressures ex isted  among the vowels. A lso, i t  was o f  
in te r e s t  to see i f  the individual sentences were homogeneous in  regard 
to th e ir  mean nasal-"oral" sound pressure d ifferen ces.
Vowels
The nasal-"oral" sound pressure d ifference for each vowel aver­
aged over a l l  subjects i s  presented in  Table 1, inspection  o f  which shows 
that the la r g est mean d ifferen ce , 38 db, was obtained for the vowel [ i ] ,
TABLE 1 .—The nasal-"oral" sound pressure d ifferen ces  
averaged over a l l  subjects for each o f  the s ix  vowels, 
expressed in  d ec ib e ls , with the standard deviation  o f
each mean.
VOWEL MEAN DIFFERENCE 
IN DECIBELS
STANDARD
DEVIATION
[ i ] 38 3.95
[u] 35 4,54
32 3.11
[A] 32 3.08
L o i 32 3.19
L o i 31 3.73
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f o l l o w e d  i n  o r d e r  b y  t h o s e  f o r  t h e  v o w e l s  [ u ] ,  3 5  d b ;  [ a e ] ,  [ a ]  a n d  [ o ] ,
32 db; and [a ] , 31 db. The standard deviations for the vowels ranged 
from 4 .34  db and [u] to  3.08 for [a ] . Thus, greater mean sound pressure 
differences were found for the high vowels [ i ]  and [u] than for the other 
vowels te s te d . The means for the vowels [æ ] , [ /\] , Cd], and [q] were 
sim ilar to each other. I t  may a lso  be seen that the front vowels [ i ]  
and [ æ ] ,  as a group, displayed greater mean d ifferences than the group 
o f back vowels, [u ], [o ] , and [a ] .
To determine whether d ifferen ces among the mean d ifferen ces , re­
ported in  Table 1, were s t a t i s t ic a l ly  s ig n if ic a n t , an a lysis o f  the data 
was performed. Variances o f the sound pressure measures for the s ix  
vowels and for the twenty subjects were tested  for homogeneity using the 
Cochran t e s t  (15, p . 180), The resu ltin g  C values ind icated  that the 
variances were homogeneous. Subsequently, an analysis o f  variance was 
made o f  the mean sound pressure d ifferen ces between the s ix  vowels and be­
tween the twenty su b jects , the r e su lts  o f  which are presented in  Table 2 .
TABLE 2 ,—Summary o f  the an a lysis  o f  variance o f  the mean nasal-^oral"  
sound pressure d ifferen ces between the s ix  vowels and between the twenty
su b jects.
Source o f  variation df SS MS Observed
F
C ritica l
F*
Between vowels 5 715 143 29,36* 2,31
Between subjects 19 1050,5 55.28 3.51* 1.7
Residual 95 463,5 4,87
Total 119 2229
♦P â  ,05
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The observed F va lu es, 29.36 and 3.51» presented in  Table 2 , ind icate  
that s ig n ifica n t variation  ex isted  between subjects in  th e ir  performance 
on the group of vow els, and that the subjects as a group d iffered  s ig ­
n if ic a n t ly  in  th e ir  performance on the individual vowels.
The fa c t th at d ifferen ces ex isted  among the subject means, as 
shown by the s ig n if ic a n t "between subject" variance, i s  not unexpected, 
since subjects presenting varying degrees o f  perceived n a sa lity  were 
se lected  for th is  study. One might expect that subjects who d if fe r  in  
perceived n a sa lity  and who, presumably, d if fe r  in  the extent to which 
th e ir  nasal and ora l c a v it ie s  are coupled during speech production, would 
disp lay  d issim ilar  nasal-"oral" sound pressure d ifferen ces. The presence 
o f  s ig n ifica n t d ifferen ces among the means for the s ix  vowels i s  o f  in ­
te r e s t  in  view o f fin d in gs which ind icate th at the degree o f  coupling o f  
the ora l and nasal c a v it ie s  i s  not the same for a l l  vowels (4$, 31) .
These findings suggest the need for re la tin g  the magnitude o f nasal-"oral"  
sound pressure d ifferen ces to the s iz e  o f the velopharyngeal opening dur­
ing phonation o f  the ind ividual vowels.
The Duncan M ultiple Range Test (58, pp. 107-109) was used to  
lo ca te  the s ig n if ic a n t d ifferen ces among vowel means detected by the 
an alysis o f  variance. The r e su lts  o f  th is  t e s t  are presented in  Table 3 
which reveals that the mean for the vowel [ i ]  was s ig n if ic a n tly  larger  
than that for the vowel [u] and th at the means for  both vowels s ig n i f i ­
cantly exceeded those for [ q ] ,  [ æ ] ,  [ a ] ,  and [o ] . No other d ifferences  
among means were s ig n if ic a n t . These findings in d icate  th at the vowels [ i ]  
and [u] are associated  w ith s ig n if ic a n tly  larger nasal-"oral" sound pres­
sure d ifferen ces than the vowels [ q ] ,  [a e ], [ a ] ,  and [ o ] ,  and th at these  
la t t e r  vowels are characterized ty  sim ilar sound pressure d ifferen ces.
TABLE 3 . — The Duncati M u l t ip le  Ranr;e T e s t  f o r  d i f f e r e n c e s  anonr th e  n a s a l - " o r a l "  sound p r e s s u r e  d i f ­
f e r e n c e s  a v e ra  'ed o '/e r  a l l  s u b j e c t s  f o r  each  o f  th e  s i x  vow els .
a )  S h o r t e s t  S i g n i f i c a n t  Range:
P: (2) (3) (4) (5) (6)
r .05 2 .9 0 2 .9 5 3.05 3.12 3.18
1.30 1 .45 1.50 1 .54 1.57
b )  R e s u l t s
Mean ; 
Vowel :
3 1 . 1 5
[a ]
31.6
[3]
3 1 . 9 5
[a ]
32.4
[æ]
35.3
[u]
37.95
[ i ]
N ote: Any two means n o t  u n d e rsc o red  by th e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  .05 l e v e l .
Any two means u n d e rs c o re d  by th e  same l i n e  a re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  .05 l e v e l .
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I t  i s  in terestin g  to note th a t, among the nasal-"oral" sound 
pressure d ifferen ces reported for various vowels by other researchers, 
the d ifferen ces for [ i ]  and [u] are larger than those for other vowels. 
Pierce (4 ? ), for example, used instrumentation and procedures^ sim ilar to 
those o f  the present in v estig a tio n  to measure nasal and "oral" sound pres­
sures in  iso la ted  vowels produced by f iv e  c le f t  palate adults with and 
without th e ir  speech appliances. While the in v estig a tio n  o f  sound pres­
sure d ifferen ces among vowels was not a purpose o f  P ierce 's  study, inspec­
tion  o f h is  raw data reveals a d ifference in  magnitude o f mean sound pres­
sure d ifferen ces among the vowels he te s te d . For the vowels produced 
without the appliances, the nasal-"oral" sound pressure d ifferences re­
ported for the high vowels [ i ]  and [u] were greater than those reported 
for the low vowels [ae}, [a ] , [ a ] ,  and [ 3 ] ,  A lso, the nasal-"oral" sound 
pressure d ifferen ces reported for the front vowels [ i ]  and [a s] were 
greater than those reported for the back vowels [a ] , [u ] , and [o ] . Al­
though no s t a t i s t ic a l  t e s t s  were performed to determine i f  these d ifferen ­
ces were s ig n if ic a n t , P ierce's findings appear to be con sisten t with those 
o f the present study.
Summers (6 0 ), by means o f  a probe-tube assembly and procedures 
sim ilar to those used in  P ierce's study and in  the present study, measured 
nasal and "oral" sound pressures in  iso la te d  vowels produced by normal 
speakers a t  various oral in t e n s it ie s .  According to the data reported for 
vowels common to the present study2, the nasal-"oral" sound pressure d if -
^Pierce's procedure d iffered  s l ig h t ly  from th at used in  the pre­
sent study in that a "comfortable level"  o f phonation, which varied among 
su b jects , was used rather than a sp e c if ic  in te n s ity  le v e l ,
^ h i s  data was that for the nominal in te n s ity  le v e l  o f  90 db, 
which most c lo se ly  approximated the ora l in ten s ity  le v e l  o f  the present 
study.
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ference for [ i ]  was s l ig h t ly  larger than th at for [u ], and the d ifferen ­
ces for both o f these vowels were s l ig h t ly  larger than those for [ æ ] ,
[ a ] ,  a n d  [ d ] .  No  s t a t i s t i c a l  t e s t  f o r  s i g n i f i c a n c e  o f  d i f f e r e n c e s  a m o n g  
t h e s e  f i v e  v o w e l s  w a s  m a d e ,
A comparison o f  the mean sound pressure d ifferen ces found for  
the present c le f t  palate sample with those extrapolated from Summers' 
raw data for normal speaking subjects reveals th a t , on the average, the 
c le f t  palate group displayed greater sound pressure d ifferen ces in  pro­
duction o f  the vowels common to both s tu d ies . Thus, while the r e la t iv e  
magnitude o f  sound pressure d ifferen ces for the ind iv idu al vowels i s  
sim ilar in  both s tu d ies , the c le f t  palate group evidenced greater abso­
lu te  sound pressure d ifferen ces  for a l l  vowels te s ted .
These find ings suggest that the greater sound pressure d if fe r ­
ences found for the vowels [ i ]  and [u] are not a unique feature o f  c le f t  
palate speech, but rather an exaggeration o f a pattern seen in  normal 
speakers. In normal speakers, the greater sound pressure d ifferences  
seen in  these vowels may be related  to  the greater impedance to  the ora l­
ly  emitted speech s ig n a l caused by the p o sitio n  o f  the tongue in  th e ir  
production, since normal speakers produce these vowels with a t ig h t  velar  
sea l (45 , 31) .  In c le f t  palate speakers, the combined e f fe c t  o f  high 
oral impedance and velar  incompetency might explain the greater absolute 
magnitude o f  sound pressure d ifferen ces present during vowel production.
S e n t e n c e s
As previously s ta te d , th is  c le f t  palate sample evidenced larger  
nasal-"oral" sound pressure d ifferen ces in  certa in  vowels than in  o th ers. 
To determine i f  the su b jects , as a group, displayed sim ilar sound pres­
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sure d ifferen ces in each o f the s ix  sentences included in  the speech 
sample, the mean sound pressure d ifferen ces were compared. The means 
for each o f  the sentences are presented in  Table 4 , inspection  o f which 
shows th at the la rg est mean d ifferen ce was obtained for sentence #2,
TABLE 4 .--The nasal-"oral" sound pressure d ifferen ces  
averaged over a l l  subjects for each o f  the s ix  senten­
ces , expressed in  d e c ib e ls , w ith the standard deviation
o f each mean.
SENTENCE MEAN DIFFERENCE 
IN DECIBELS
STANDARD
DEVIATION
#1 35.4 5.58
#2 36.6 5.61
#3 35.75 4.97
#4 36.05 6.25
#5 35.8 5.74
#6 35.85 5.20
36,6 db; followed in  order by those for sentences #4 , 36,05 db; #6,
35.85 db; #5, 35.8 db; #3 , 35.75 db; and #1 , 35.4 db. The standard devi­
ation s for the sentences ranged from 6 db for sentence #4 to  5 db for #3.
To determine i f  the d ifferen ce  among the means reported in  
Table 4 were s ig n if ic a n t , a s t a t i s t i c a l  an a lysis  o f  the data was made. 
Using the Cochran t e s t  (15, p . 180), the variances o f  the sound pressure 
d ifferen ces for the s ix  sentences and for the twenty subjects were found 
to  be homogeneous. Subsequently, an analysis o f  variance was made o f the  
sound pressure measures between sentences and between su b jects. These 
findings are presented in  Table 5 . Inspection o f  th is  tab le  reveals
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that the variance between subjects was s ig n if ic a n t, while the variance 
between sentences was not. These findings in d icate  that individual sub-
TABLE 5 .—Summary o f  the analysis o f variance o f  the mean nasal-"oral"  
sound pressure d ifferen ces between the s ix  sentences and between the
twenty subjects.
Source o f variation df SS MS Observed
F
C ritica l*
F
Between sentences 5 15 3 1.20 2.31
Between subjects 19 3307 173.9 70.12* 1.7
Residual 95 236 2.48
Total 119 3558
*P é  .05
je c ts  d iffered  s ig n if ic a n tly  in mean sound pressure d ifferences averaged 
over the s ix  sentences, but th at subjects, considered as a group, d is ­
played sim ilar mean sound pressure d ifferences in  each o f the s ix  senten­
ces.
That d ifferen ces in  these sound pressure measures e x is t  among 
th is  subject sample i s  expected in  that c l e f t  palate persons d if fe r  in  
velar competency and, consequently, in  the degree o f  coupling o f  the oral 
and nasal c a v it ie s  during speech production. The lack o f s ig n ifica n t d if ­
ferences among the means for the sentences suggests that each o f  the s ix  
sentences re flec ted  to  a sim ilar degree the nasal-"oral" sound pressure 
d ifferences present in  the subject sample. The s im ila r ity  o f the sound 
pressure d ifferen ces in  these sentences may be rela ted  to  the fa c t that 
each sentence had a sim ilar phonetic composition.
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N asality  Ratings 
Another major purpose o f th is  study was to determine i f  d if fe r ­
ences in n a sa lity , as perceived by trained judges and rated along a f iv e -  
point sc a le , ex isted  among the s ix  vowels and s ix  sentences included in  
the speech sample. This aspect o f  the study was considered important 
for two reasons. F ir s t , s ince i t  was found th a t certain  vowels were as­
sociated with s ig n if ic a n tly  larger sound pressure d ifferen ces than oth ers, 
as previously sta ted , i t  was o f  in ter e st  to determine whether the sub­
jec ts  were rated more nasal on the vowels w ith the la r g es t  sound pressure 
d ifferen ces. Second, i t  was considered important to determine i f  judges 
perceived sim ilar n a sa lity  in  sentences presenting sim ilar sound pressure 
d ifferen ces ,
Vowels
The median n a sa lity  rating for each vowel obtained over a l l  sub­
jec ts  are present in  Table 6 , inspection  o f  which reveals that the vowels
TABLE 6 ,—The median o f  the n a sa lity  ratings for the 
group o f twenty subjects for each o f the s ix  vow els.
VOWEL MEDIAN NASALITY RATING
[ i ] 4
èel 4
Ca] 3 .5
[a ] 4
Cu3 3
[ol 3
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[ i ] ,  [a e ] , and [ a ]  were assigned a median rating o f  **4"; the vowel [q ], 
a median rating o f  '*3.5"; and the vowels [u] and [o ] , a median rating o f  
"3". Thus, the front vowels [ i ]  and [ae ] were perceived to be more nasal 
than the back vowels [q ], [o ] , and [u ]. The middle vowel [a] was a lso  
perceived to be more nasal than the back vow els. I t  should be noted, 
however, that these d ifferen ces are sm all, amounting at b est to one sca le  
value along a f iv e -p o in t sca le .
To determine whether the d ifferen ces among the median n a sa lity  
ratings among the vowels were s ig n if ic a n t, the Friedman two-way analysis  
o f  variance (54, pp, 166-172) was employed. In th is  t e s t ,  the n a sa lity  
ratings o f  the vowels were ranked for each subject and a comparison o f  
the ranks was made across a l l  subjects to  see i f  s ig n ifica n t d ifferen ces  
in  ranks occurred. The resu ltan t chi square va lu e , ,657* indicated th at 
no s ig n ifica n t d ifferen ces ex isted  among the vow els. I t  may be con­
cluded, th erefore , th at the d ifferences among the medians for the vowels 
could have occurred ty  chance.
The present findings d if fe r  from those o f  Spriestersbach and 
Powers (57) and Van Hattum (63) who have reported th at front vowels are 
perceived to be s ig n if ic a n tly  more nasal than back vowels in  c le f t  palate  
su b jects . Examination o f  the trends w ithin the present data, however, 
suggests that a sim ilar  pattern ex isted  within th is  c le f t  palate sample. 
There i s  l i t t l e  evidence to support the contention o f  Spriestersbach and 
Powers (57) th at tongue height, per se , i s  the most important variable  
in  the perception o f  n a sa lity , since the high vowel [u] was judged to  be 
among the le a s t  nasal o f the vowels studied . In terestin g ly , the vowel 
[u] was reported by Lintz and Sherman (39) to  be perceived as one o f the  
le a s t  nasal vowels produced by subjects w ith functional n a sa lity .
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A comparison o f  these median n a sa lity  ratings with the findings  
regarding mean sound pressure d ifferences reported in the previous sec­
tion  suggests th at vowels which are associated  with the la r g e s t  n asal- 
*oral" sound pressure d ifferen ces are not n ecessa r ily  those which are 
perceived to be most n asa l. The vowels [ i ]  and [u] were associated  with 
s ig n if ic a n tly  larger sound pressure d ifferen ces than the other vowels 
stud ied , but did not d if fe r  s ig n if ic a n tly  from the other vowels in  rated  
n a sa lity . Indeed, the vowel [u] was among those vowels rated as le a s t  
nasal.
Sentences
N asa lity  in  the sentences was rated under the conditions o f  
forward and backward p lay . The median n a sa lity  rating for each o f the 
s ix  sentences under conditions o f forward and backward play obtained 
over a l l  subjects are presented in  Table ? . Inspection o f  Table 7 shows
TABLE 7 .—The median o f  the n a sa lity  ratings for the
group o f  twenty subjects for each o f  the s ix  sentences 
played forward and played backward.
SENTENCE MEDIAN NASALITY 
RATING 
(FORWARD)
MEDIAN NASALITY 
RATING 
(BACKWARD)
#1 4 3
#2 3.5 4
#3 4 4
#4 4 4
#5 4 3.5
#6 3 4
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th a t, in  the forward play condition, sentences #1 , #3» #4, and #5 were 
assigned a median n a sa lity  rating o f  "4"; sentence #2, a median rating  
o f  ”3»5"i and sentence #6 , a median rating  o f  "3". In the backward play  
condition, sentences #2 , #3 , #4, and #6 were assigned a median rating o f  
"4"; sentence #5# a median rating o f "3»5”; and sentence #1, a median 
rating o f "3". I t  can be seen th a t, in  both forward and backward play 
conditions, the d ifferen ces in  median n a sa lity  ratings are small and 
th a t, in  each in stan ce, four o f the s ix  sentences received id en tica l  
median ra tin gs. I t  i s  in tere stin g , however, th at sentence #1, which was 
judged to be the le a s t  nasal sentence in  the backward play condition, was 
judged to be among the most nasal sentences in  the forward play condition . 
Conversely, sentence #6 , which was judged the le a s t  nasal sentence in  
forward play, was judged to be among the most nasal sentence in  the back­
ward play condition.
To determine whether s ig n ifica n t d ifferen ces ex isted  among the 
median n a sa lity  ratin gs reported in  Table 7 , the Friedman two-way analy­
s i s  o f  variance (54, pp. 166-172) was employed. The resu ltin g  chi square 
va lu es, 7,82 and 5 .7 6 , for the forward and backward play conditions, re­
sp ectiv e ly , ind icated  that the sentences ranked over subjects did not 
s ig n if ic a n tly  d if fe r  in  median n a sa lity  ra tin gs in either rating condi­
t io n , These findings suggest th at the n a sa lity  present in  the subject 
sample was r e f lec ted  to a sim ilar extent in  each o f  the s ix  sentences.
Relationships o f Sound Pressure D ifferences 
and N asality  Ratings
A th ird  purpose o f the study was to  in v estig a te  the re la tio n ­
ships among measures o f  nasal-^oral" sound pressure d ifferences and ra t­
ings o f  sev er ity  o f  n a sa lity  in  the vowels and sentences comprising the
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present speech sample. S p ec ifica lly , the study was designed to explore: 
(a) the rela tion sh ip  o f  sound pressure measures in  vowels to  sound pres­
sure d ifferen ces in sentences; (b) the rela tion sh ip s among n a sa lity  rat­
ings in  vowels, sentences played forward, and sentences played backward; 
and (c) the rela tion sh ip s between sound pressure d ifferen ces and n a sa lity  
ratings in  vow els, sentences played forward, and sentences played back­
ward. The findings rela ted  to  these areas o f  inquiry mentioned above 
are presented in  the follow ing sec tio n s,
Sound Pressure Differences o f  Vowels and Sentences 
To determine the relationsh ip s o f  nasal-"oral" sound pressure 
d ifferences o f  the vow els, both in d iv idu ally  and as a group, with those  
o f the sentences as a group, the Spearman rank corre la tion  c o e ffic ien ts  
presented in  Table 8 were obtained ($4, pp. 203-213). In view o f pre­
vious findings (see  page 62) th at s ig n ifica n t sound pressure d ifferences  
occurred among vowels selected  for study and that no s ig n if ic a n t d if fe r ­
ences in  sound pressure d ifferen ces or in n a sa lity  ra tin gs were found for  
the ind ividual sen tences, correlations involving ind iv idu al sentences 
were not attempted. Inspection o f Table 8 shows th at the c o e ffic ie n t o f  
correlation  for the group o f vowels with the group o f  sentences was , 52, 
This c o e ff ic ie n t  was s t a t i s t i c a l ly  s ig n if ic a n t, and i t  in d ica tes  a moder­
a te ly  strong rela tion sh ip  between the two. That i s ,  when nasal-"oral"  
sound pressure d ifferen ces in  vowels increase or decrease, i t  can be ex­
pected th at the sound pressure d ifferences in  sentences tend to increase  
or decrease, r e sp e c tiv e ly . When the correlations o f  the individual 
vowels and the group o f  sentences were obtained, i t  was found that the  
highest c o e ff ic ie n t  was obtained for the vowel [u ], ,71 ; followed in
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TABLE 8 .--Spearman rank correla tion  c o e ff ic ie n ts  be­
tween the nasal-"oral" sound pressure d ifferen ces o f  
vow els, both in d iv id u a lly  and as a group, and those o f  
the sentences as a group.
VCWEL CORRELATION
COEFFICIENT
C i] .58*
Cas] .45*
[q ] .57*
[a] .5 2 *
Cu] .71*
CD] .5 8 *
A ll vowels .5 2 *
.05
order by those for  the vowels [ i ]  and [a ] ,  ,58; [a ] , ,57: Ca] ,  ,52; and 
[sB ] ,  .4 5 , A ll o f th ese  c o e f f ic ie n ts  were s t a t i s t i c a l ly  s ig n if ic a n t .
They suggest th at a strong re la tio n sh ip  e x is t s  between nasal-"oral"  
sound pressure d ifferen ces on the sentences and those on the vowel [u ] , 
while a moderately strong rela tio n sh ip  e x is t s  for the other vow els. I t  
w ill  be observed th at the correla tion  c o e ff ic ie n t  for the vowels as a 
group, ,5 2 , i s  exceeded in  magnitude by the correlation  c o e ff ic ie n ts  o f  
the vowels [ i ] ,  [q ], [u ] , and [a ] .  Thus, the nasal-"oral" sound pressure 
d ifferen ces o f  any o f  th ese four vowels would b etter  pred ict the sound 
pressure on connected speech than would the sound pressure d ifferen ces o f  
the vowels as a group. However, i t  appears th at the nasal-"oral" sound 
pressure d ifference o f  the vowel [u] would give the b est estim ate o f  the
69
n a sa l-"oral" sound pressure d ifferen ces o f  connected speech.
N asality  Ratings o f Vowels and Sentences 
To determine the rela tion sh ip  o f  n a sa lity  ra tin gs o f  vowels, 
both in d iv id u a lly  and as a group, with those o f  the sentences as a 
group, Spearman rank correlation  c o e ff ic ie n ts  were obtained as present­
ed in  Table 9 . This tab le  shows that the c o e ff ic ie n ts  for the correla-
TABLE 9 .—Spearman rank correlation c o e ff ic ie n ts  be­
tween the n a sa lity  ratings o f  vowels, both ind iv id u a lly  
and as a group, and those o f  the sentences as a group, 
under conditions o f forward and backward p lay .
VCWEL CORRELATION
COEFFICIENT
(FORWARD)
CORRELATION
COEFFICIENT
(BACKWARD)
[ i ] ,29 ,42
W ,14 ,22
[a] ,44 ,58*
Ca] ,31 ,33
[u] ,14 ,33
[3] ,54* ,65*
A ll vowels ,30 ,55*
P S  .05
tio n  o f  the median n a sa lity  ratings o f  a l l  vowels with those o f  a l l  sen­
tences played forward and o f  a l l  sentences played backward were .30 and 
,55» resp ec tiv e ly . Only the la t t e r  c o e ff ic ie n t  i s  s t a t i s t i c a l ly  s ig n i f i ­
cant, These findings suggest that i t  would be very u n lik e ly  that per-
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ceived n a sa lity  in connected speech could be predicted accurately on the 
b asis o f  the n a sa lity  perceived in  vowels. On the other hand, the mod­
era te ly  strong rela tion sh ip  between n a sa lity  ratings o f  the group o f  
vowels and those o f  the group o f  sentences played backward suggests that 
the degree o f perceived n a sa lity  in  vowels may give a moderately accurate 
prediction o f the degree o f n a sa lity  present in  connected speech played 
backward. I t  may farther suggest th at rating n a sa lity  in  sentences 
played backward may be based primarily upon the vowels present in  the 
sentences. Sherman (5 3 )  postulated that backward play was a more v a lid  
procedure in  rating n a sa lity , because she speculated that the in fluence  
o f  consonant a r ticu la tio n  was minimized while the voice qu a lity  to be 
judged was not a ltered .
Table 9 a lso  presents the correlation  c o e ffic ien ts  obtained for  
the n a sa lity  ra tin gs o f  individual vowels and the median n a sa lity  ratings  
o f the group o f sentences played forward. The highest correlation , .54 , 
was found for the vowel [o]; followed in  order by those for the vowels 
[q ], .44; [a ] ,  ,31; [ i ] ,  .29; [a e ], and [u ], ,1 4 , Only that for the  
vowel C ] was s t a t i s t i c a l ly  s ig n if ic a n t. Inspection o f  Table 9 shows 
th at the h ighest correlation  c o e ffic ie n t for the n a sa lity  ratings o f  the  
vowels and the n a sa lity  ratings o f the group o f  sentences played backward 
was found the vowel [ 3] ,  .65; followed in  order by those for the vowels 
[q ], . 58; [ i ] ,  ,42; [ a ]  and [u ], ,33: and [a e ] , ,22 , Only those for  the 
vowels [3 ] and [q] were s t a t i s t ic a l ly  s ig n if ic a n t . The trends in  the re­
la tion sh ip  o f  the n a sa lity  ratings o f  the ind ividual vowels with those o f  
the sentences played forward and played backward were sim ilar in  th at the 
highest correlation  c o e ff ic ie n ts  were found fo r  the low back vowels Co] 
and [q ] . These c o e ff ic ie n ts  in d icate  th a t the n a sa lity  ratings o f  cer-
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ta in  vowels may better predict nas& lity o f connected speech than would 
n a sa lity  ratings o f the group of vowels. Whereas the n a sa lity  ratings  
o f the group o f vowels was poorly correlated with the n a sa lity  ratings  
o f  the group o f sentences played forward (rg = . 30) ,  the vowels [o] and 
[q] correlated more highly (rg  = .34 and .44 , r e sp e c tiv e ly ) . Likewise, 
the correlation  o f n a sa lity  ratings o f  the group o f  vowels with those o f  
the group of sentences played backward (rg = .55) was exceeded by the 
correlations o f  the vowels b ]  and [a ]  (rg  = .65 and .5 8 , r esp ec tiv e ly ). 
I t  i s  in terestin g  to note that n a sa lity  ratings o f  the low back vowels,
[o ] and [a ] , best predict n a sa lity  in  sentences, while the nasal-"oral"  
sound pressure d ifferences o f  the high back vowel [u] b est predict nasal- 
"oral" sound pressure d ifferences in  sentences.
To determine the rela tion sh ip  between the median n a sa lity  rat= 
ings o f the group o f sentences played forward w ith those o f  the group o f  
sentences played backward, a Spearman rank correlation  was made. The 
s t a t i s t ic a l ly  s ig n ifica n t correlation  c o e f f ic ie n t , .8 4 , ind icated  a 
strong rela tion sh ip  between n a sa lity  ratings obtained by the two methods 
o f  presentation . This c o e ffic ien t i s  sim ilar to th at obtained by Sher­
man, .89 , for  n a sa lity  ratings o f  sentences under conditions o f forward 
and backward p lay . This correlation  c o e ff ic ie n t  in d ica tes that ratin gs  
obtained on sentences played forward w il l  in  most cases be the same as 
those obtained by backward p lay , and v ic e  versa .
Sound Pressure D ifferences and N asality  Ratings 
o f Vowels and Sentences
A major purpose o f  th is  in vestiga tion  d ea lt w ith the re la tio n ­
ship o f  nasal-"oral" sound pressure d ifferen ces and n a sa lity  ratings o f  
vowels and sentences. Spearman rank correlation  c o e ff ic ie n ts  were ob­
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tained for each item and each group o f item s. The correlation  coef­
f ic ie n ts  for the groups o f  items are presented in  Table 10, Inspection
TABLE 10 ,—Spearman rank correlation  c o e ff ic ie n ts  be­
tween the mean nasal-"oral" sound pressure d ifferen ces
and the median n a sa lity  ratin gs for the group o f vowels 
and the group o f  sentences played forward and backward.
GROUP CORRELATION
COEFFICIENT
Vowels ,22
Sentences forward .75*
Sentences backward ,60*
*P â  ,05
o f Table 10 shows that the highest correlation  was found for  the sentences 
played forward, ,75; followed in  order by those for the sentences played 
backward, ,60; and for the vowels, ,2 2 , Only the correlation  c o e ff ic ie n ts  
for the sentences were s t a t i s t ic a l ly  s ig n if ic a n t . These findings in d icate  
th at there i s  a su b sta n tia lly  greater re la tion sh ip  between nasal-"oral"  
sound pressure d ifferen ces  and n a sa lity  ratin gs in  sentences than in  
vowels and th a t, in  sentences, nasal-"oral" sound pressure d ifferen ces  
are more c lo se ly  re la ted  to n a sa lity  ratings o f  sentences played forward 
than o f sentences played backward. They suggest th at attempts to predict 
the degree o f  perceived n a sa lity  in  vowels on the b a sis  o f  these n asa l-  
"oral" sound pressure d ifferen ces would be d i f f i c u l t .  They further sug­
g est th at on the b a sis  o f  nasal-"oral" sound pressure d ifferen ces in  
sentences, i t  i s  ea sier  to predict perceived n a sa lity  in  sentences played 
forward than in  sentences played backward.
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When the correlation  c o e ff ic ie n ts  o f  n a sa lity  ratings and sound 
pressure measures for the individual vowels are considered, as presented  
in  Table 11, i t  w il l  be observed that s t a t i s t ic a l ly  s ig n ifica n t coef-
TABLE 11 . —Spearman rank correlation  c o e ffic ien ts  be­
tween the nasal-"oral" sound pressure d ifferen ces and 
the n a sa lity  ratings o f each of the vowels.
VCWEL CORRELATION
COEFFICIENT
[ i ] . 2 2 *
Ose] . 45*
[q] .59*
[ a ] .20
Cu] .21
CD] . 51*
*P = .05
f ic ie n ts  were found for  [q ], .59: [o ] , .51* and [a e ], .4-5. Low correla­
tio n s  o f  . 2 2 ,  . 2 1 ,  and .20  were found for [ i ] ,  [u ], and [ a ] ,  resp e c tiv e ly . 
I t  i s  in terestin g  to note that [ i ]  and [u] are the two vowels th at had 
the la rg est mean nasal-"oral" sound pressure d ifferences averaged over 
a l l  su b jects, while [ a ]  had the low est d ifferen ce . These correlation  co­
e f f ic ie n ts  in d icate  th at the rela tion sh ip  o f  sound pressure d ifferen ces  
and n a sa lity  ratings var ies according to  the vowel. Although vowels as a 
group correlate poorly (rg = .2 2 ), th is  may be due to the high vowels
[ i ]  and [u] and the middle vowel [ a ] .  The low vowels [ a ]  and [3 ] ,  es­
p e c ia lly , afford moderately high correlations o f sound pressure d iffe re n -
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ces with n a sa lity  ra tin g s, so that sound pressure d ifferences in  e ith er  
vowel provide a fa ir  estim ate o f the degree o f n a sa lity  perceived in  
these vow els. I t  w i l l  be reca lled  th at the sound pressure d ifferen ces  
o f  the low back vowels [q] and [o] were a lso  good predictors o f  the sound 
pressure d ifferen ces o f  the sentences and that n a sa lity  ratings o f  these  
vowels were the b est predictors o f  the degree o f perceived n a sa lity  in  
sentences. I t  i s  in terestin g  th at th ese vowels which are characterized  
by the sm allest sound pressure d ifferen ces and are rated among the le a s t  
nasal o f the vowels tested  should have the h ighest predictive value.
House and Stevens (31) have indicated th at small amounts o f nasal coup­
lin g  produce marked changes in  the spectra o f  the vowels [ i ]  and [u] and 
that a much greater degree o f  nasal coupling i s  needed to produce compar­
able changes in  the spectrum o f [q ]. Further, they reported th a t, as the 
average area o f nasal coupling in creases, the vowels [ i ]  and [u] are per­
ceived as being nasal sooner than the vowel [o] and that the vowel [a] 
i s  the la s t  to  be perceived as n asa l. I t  might be speculated, therefore, 
that when the vowel [q] i s  perceived as n a sa l, a l l  other vowels are 
l ik e ly  to be judged nasal; whereas idien [ i ]  and [u] are perceived to  be 
n a sa l, other vowels may not be so judged. House and Stevens a lso  re­
ported that the vowel [ae ] was perceived as nasal by th e ir  lis te n e r s  even 
when no nasal coupling was present, and th at th e ir  physical data corre­
la ted  poorly with perceived n a sa lity  in  th is  vowel. This finding i s  con­
s is te n t  with the generally  low correlation s found among the physical and 
perceptual measures for th is  vowel seen in  the present study.
The Spearman rank correlation  c o e ff ic ie n ts  o f the nasal-"oral"  
sound pressure d ifferen ces o f  the ind iv idu al sentences with n a sa lity  ra t­
ings o f  the ind iv idu al sentences played forward are presented in  Table 12,
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Inspection o f  th is  ta b le  reveals that these correlations were .7 3 , .70 , 
.60 , .75 , *74, and .77 in  the numerical order o f  the sentences. The
TABLE 12.--Spearman rank correlation  c o e ff ic ie n ts  be­
tween the nasal-"oral" sound pressure d ifferences o f  
the sentences and the n a sa lity  ratings o f  the sentences
played forward.
SENTENCE CORRELATION
COEFFICIENT
#1 .73*
#2 .70*
#3 .60*
#4 .75*
#5 .74*
#6 .77*
P ^ .05
c o e f f ic ie n ts , which are very sim ilar in  magnitude and s t a t i s t ic a l ly  s ig ­
n if ic a n t , in d icate  a strong rela tion sh ip  o f sound pressure d ifferen ces  
and n a sa lity  ratings on each o f  the sentences. I t  appears from th ese  
correlation  c o e ff ic ie n ts  th at perceived n a sa lity  in  connected speech i s  
possib ly  due, in  large measure, to  nasal-"oral" sound pressure d if fe r ­
ences.
The correlation  c o e ff ic ie n ts  for the nasal-"oral" sound pressure 
d ifferen ces o f  ind iv idual sentences with n a sa lity  ratings o f the in d i­
vidual sentences played backward are presented in  Table 13. Inspection  
o f  th is  tab le  shows a su b stan tia l relation sh ip  o f  sound pressure d if fe r -
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ences and n a sa lity  ratings in  severa l sentences. The h ighest correlation  
c o e f f ic ie n t  that was s t a t i s t i c a l ly  s ig n if ic a n t was obtained for sentence
TABLE 13. --Spearman rank correlation  c o e ffic ien ts  be­
tween the n asa l-" ora l” sound pressure d ifferen ces o f  
the sentences and the n a sa lity  ratings o f  the senten­
ces played backward.
SENTENCE CORRELATION
COEFFICIENT
#1 .32
#2 ,46*
#3 .58*
#4 ,60*
#5 .36
#6 .67*
*P 5  ,05
#6, ,67; followed in  order by those for sentences #4, ,60; #3» ,58; and 
#2, ,4 6 . With the exception o f  the c o e ff ic ie n ts  for sentences #6 and 
#4, none o f  the correlation  c o e f f ic ie n ts  was as large as those obtained  
for the sentences played forward.
I t  has been reported (53» 56) th at n a sa lity  ratings o f  sentences 
played backward are more "valid" than ratings o f sentences played forward 
because backward play removes irre lev a n t factors such as a r ticu la tio n  o f  
consonants, allowing the judges to perceive b etter the voice q u a lity  to 
be judged. The present find ings suggest th a t, to  the extent that n a sa lity  
i s  due to  an imbalance o f  nasal-"oral" sound pressures, rating  sentences
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played forward may be a more v a lid  procedure. While i t  may be argued 
that the v a lid ity  o f the two rating methods can not be determined on 
the basis o f th e ir  rela tion sh ip  to  a physical measure o f n a sa l-”oral" 
sound pressure d ifferen ces in  th at n a sa lity  i s  by d e fin it io n  a subjective  
phenomenon, the present findings ra ise  a question concerning the re la tiv e  
v a lid ity  o f  the two rating procedures which might be profitab ly  explored 
in  future research.
CHAPTER V
SUMMARY AND CONCLUSIONS 
The present study was designed to in v estig a te  the relationships  
among measures o f  nasal-"oral" sound pressure d ifferen ces and ratings o f  
perceived n a sa lity  in  c le f t  palate speech. I t  was undertaken because o f 
the need for information regarding the acoustic events that contribute to 
the perception o f  n a sa lity  and the need for more ob jective  and quantifi­
able measures o f  c lo se  correlates o f  n a sa lity  which might be used in  
future research. Subjective ratings by trained judges have been used ex­
ten s iv e ly  in  in v estig a tio n s o f n a sa lity , but th is  procedure presents cer­
ta in  inherent lim ita tio n s . While research stu d ies (53» 56) have demon­
strated that the r e l ia b i l i t y  o f  th is  technique i s  adequate, there i s  rea­
son to question i t s  v a l id ity . A review o f the pertinent litera tu re  in d i­
cates that a va r iety  o f  resonance problems have, at various tim es, been 
included within the c la s s if ic a t io n  "nasality". The p o s s ib il i ty  e x is ts  
therefore, that in v estig a to rs  who have studied n a sa lity  by means o f rating  
procedures have not always been dealing with the same resonance phenonenon. 
I t  i s  apparent that c lose  interjudge and intrajudge agreement can be ob­
tained within ind ividual stu d ies . However, the resonance d istortion  
rated in  d ifferen t stud ies may not be id en tica l and, indeed, may be su f­
f ic ie n t ly  d iss im ila r  to produce discrepant fin d in gs. Furthermore, ratings 
o f n a sa lity  may be a ffected  by aberrances o f  the speech signal other than
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those rela ted  to resonance, e . g . , m isarticu la tion s, unpleasantness o f  
q u ality , and disturbances o f  phonation. For these reasons, attempts have 
been made through the years to develop ob jective  and quantitative ways o f  
assessing the resonance d istortion s which are denoted as "nasality". The 
present study represents such an attempt.
In th is  study, th irteen  male and seven female c le f t  palate ado­
lescen ts  and adults were u t iliz e d  as su b jects . A ll were between the ages 
of f if te e n  and forty-two years, presented an operated c le f t  p a la te , had no 
more than a 20-db hearing lo s s  in the speech range in  the b etter  ear, and 
were judged capable o f  performing the experimental task following b r ie f  
instruction  and p ractice .
Each subject produced a speech sample consistin g  o f s ix  iso la ted  
vowels, [ i ] ,  [ a e ] ,  [q ], [ a ] ,  [ u ] ,  and [o ] , and s ix  sentences containing  
no nasal consonants and balanced p h onetica lly  to  include a sim ilar number 
of p losive  and fr ic a t iv e  sounds. The productions were recorded by means 
of two condenser microphones, th eir  associated  am p lifiers, and a dual­
channel tape recorder. One microphone was placed eight inches in  front 
of the mouth and sampled the "oral" ( to ta l)  speech s ig n a l. The other 
microphone, modified by the addition o f  a probe-tube, was inserted in to  
the least-occlu ded  n o s tr il  to sample the speech signal w ithin the nasal 
cav ity . The sound pressures o f the sim ultaneously recorded nasal and 
"oral" sign a ls  o f  each speech production were determined by introducing  
the s ign a ls separately  into a power le v e l  recorder. The arithm etic d i f ­
ference between the obtained nasal and "oral" sound pressures was computed 
for each speech item produced by each su b ject. This arithm etic d ifference  
was denoted as the "nasal-'oral' sound pressure d ifference" .
L istener ratings o f n a sa lity  were obtained o f the recorded "oral"
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sign al o f  each speech production. The iso la ted  vowels were rated only in  
forward play; the sentences were rated under conditions o f  forward and 
backward p lay . Three judges, who hold advanced degrees in  speech path­
ology and are experienced in  judging c le f t  palate speech, rated the se ­
v er ity  o f  n a sa lity  independently on a fiv e -p o in t sca le  o f  equal-appearing 
in ter v a ls , in  which the sca le  value "1” represented the m ildest n a sa lity  
and the sca le  value "5", the severest n a sa lity  present in the twenty pro­
ductions o f  the item being rated . The median o f the judges’ independent 
ratings was obtained for each production and was denoted as the n a sa lity  
rating for th at item .
The d ifferen ces in sound pressure measures and n a sa lity  ratings  
were analyzed s t a t i s t ic a l ly  by means o f  appropriate parametric and non- 
parametric forms o f analysis o f  variance and by the Duncan M ultiple Range 
t e s t .  R elationships among sound pressure measures and n a sa lity  ratin gs  
were explored using the Spearman rank correla tion . A summary o f the 
findings and o f  the conclusions derived from them are presented in  the 
following sec tio n s according to the three major research questions posed 
in  th is  study.
Sound Pressure Measures
The f i r s t  research question asked in  the present study was:
What d ifferen ces in  nasal-"oral" sound pressure measures e x is t  among the 
s ix  vowels [ i ] ,  [ a e ] ,  [a ] , [ a ] ,  [ u ] ,  and [ d ]  and the s ix  sentences in ­
cluded in  th is  speech sample? The findings related  to th is  question in d i­
cate that s ig n if ic a n tly  greater mean sound pressure d ifferen ces occurred 
for the vowels [ i ]  and [u] than for the vowels [a e ], [a ] , [ a ] ,  and [a] 
and th at the mean d ifference for the vowel [ i ]  exceeded th at for [u ] .
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All other d ifferen ces among means were not s ig n if ic a n t. No s t a t i s t ic a l ly  
s ig n ifica n t d ifferen ces were found among the mean sound pressure d if fe r ­
ences for the s ix  sentences.
These findings suggest that vowels characterized by hl.gh tongue 
placement are, on the average, associated  with greater sound pressure d if ­
ferences than vowels with low tongue placement, A comparison o f th is  
finding with those o f Pierce (4?) and o f Summers (60), who studied samples 
o f  c le f t  palate and normal speakers, resp ectiv e ly , in d ica tes that there 
was a sim ilar pattern o f sound pressure d ifferences for these vowels.
The fa ct that Summers' normal-speaking subjects presented a pattern of  
sound pressure d ifferen ces sim ilar to that found in  the present study sug­
gests that the greater d ifferen ces observed for [ i ]  and [u] are not a 
unique feature o f c le f t  palate speech, but, rather, an exaggeration o f  a 
pattern seen in normal speakers. Since the vowels [ i ]  and [u] are pro­
duced with an e s se n tia lly  complete velar  sea l by normal speakers (45, 31), 
the greater sound pressure d ifferen ces in  these vowels in  normal speech 
may be due to a greater impedance o f  the o ra lly  emitted speech signal 
caused by the high p osition  o f  the tongue during th e ir  production. In 
c le f t  palate speakers, the combined e f fe c t  o f velar incompetency and high 
oral impedance might explain the greater magnitude o f sound pressure d if ­
ferences in  these vowels. This finding i s  given in d irect support by 
House and Stevens (31), who reported, in  an analog study o f n a sa lity , that 
the vowels [ i ]  and [u] require smaller degrees o f n asal-oral coupling to 
be perceived as nasal than do other vowels.
The lack  of s ig n if ic a n t d ifferen ces among the mean sound pressure 
measures for the s ix  sentences suggests th at each o f the sentences re­
fle c ted  to a sim ilar degree the subjects' sound pressure d ifferences in
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connected speech. The fa c t that the sound pressure d ifferences in  each 
o f the sentences were sim ilar appears to be related  to th eir  s im ila r ity  
in  phonetic composition.
N asality Ratings 
The second research question posed in  the present study was:
What d ifferences in  n a sa lity  ratings e x is t  among the s ix  vowels and s ix  
sentences as played forward and played backward? The findings re la tin g  to 
th is  question ind icate that there were no s ig n ifica n t d ifferences among 
median n a sa lity  ratings for the s ix  vow els. Examination o f the trends 
w ithin the data, however, showed that the vowels [ i ] ,  Cæ], and [ a ]  were 
rated more n asal, on the average, than the vowels [a ] , [o ] , and [u ]. The 
d ifferences in median ratings amounted a t b est to one sca le  value along a 
fiv e -p o in t sc a le . The trend toward higher n a sa lity  ratings for the front 
vowels [ i ]  and [ae ] i s  consisten t with the reports o f  Spriestcrsbach and 
Powers (57) and Van Hattum (63) ,  who sta te  that front vowels are perceived  
to be more nasal than back vowels. There i s  l i t t l e  support, however, for  
the contention o f Spriestersbach and Powers (57) th at tongue height i s  
the most important variab le in  the perception o f  n a sa lity . I t  i s  o f par­
t ic u la r  in ter e st  th at the vowel [u ], which House and Stevens (31) have de­
scribed as a vowel whose spectral ch aracter istics  are e a s ily  altered  by 
small degrees o f  nasa l-ora l coupling, was perceived as one o f  the le a s t  
nasal o f the vowels studied .
No s t a t i s t ic a l ly  s ig n ifica n t d ifferences among the median n a sa li­
ty  ratings o f  the s ix  sentences were found. This finding suggests that 
each o f the s ix  sentences were perceived to be equally nasal by the judg­
e s . The fa ct that the sentences were sim ilar in  mean sound pressure
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differences and in  phonetic composition might account for th is  fin d in g,
Sound Pressure D ifferences and N asality  Ratings 
o f Vowels and Sentences
The th ird research question asked in  th is  study was: What re la ­
tionsh ips e x is t  among the sound pressure measures and n a sa lity  ratings 
for the s ix  vowels and for the s ix  sentences played forward and backward?
The r esu lts  o f  th is  study ind icate th at nasal-"oral" sound pres­
sure d ifferences for the vowels, as a group, are moderately related  to 
the sound pressure d ifferen ces for the sentences, as a group (rg = , 52) ,  
This finding suggests that the sound pressure d ifferen ces which the sub­
jec ts  displayed in  vowel production tended to correspond to the sound 
pressure d ifferen ces they displayed in  production o f the sentences. I t  
was also found that the relationsh ip  between sound pressure d ifferen ces  
for individual vowels and those for sentences as a group, varied according 
to the vowel. The h ighest degree o f rela tion sh ip  was found for the vowel 
[u] (rg = , 71) ,  Correlations for the vowels [q ], [3 ] ,  and [ i ]  were highly  
sim ilar (rg = , 57, , 58 , , 58) and exceeded th at found for the vowels as a 
group. The correlation  for the vowel [ae ] (rg = ,4-5) was the low est and 
was not as high as that for the vowels as a group. These findings suggest 
that sound pressure d ifferen ces measured in  certa in  iso la ted  vowels are 
superior to those o f other vowels in predicting the sound pressure d if fe r ­
ences in sentences. The high correlation  for [u] might be explained by 
the finding o f House and Stevens (31) th at th is  vowel i s  sen sit iv e  to  
small degrees o f n asa l-ora l coupling and, consequently, might serve as a 
good indicator o f the presence o f even s lig h t  imbalances o f  nasal and 
"oral" sound pressure. I t  may be noted, however, th a t the s ize  o f the cor­
rela tion  for the vowel [ i ] ,  whose spectral ch a ra cter istics  are a lso  e a s ily
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altered  by small degrees o f n asa l-ora l coupling, was sim ilar  to those for 
the vowels [a] and [o ] , which are said to  be r e la t iv e ly  in se n s it iv e  to  
the e f fe c t s  o f n asa l-ora l coupling. These d ifferences in  re la tion sh ip s  
among the individual vowels might be explored p rofitab ly  in  future stud­
i e s .
In general, the find ings suggest that one cannot p red ict, without 
substan tia l error, the sound pressure d ifferen ces in  sentences on the 
b asis o f sound pressure d ifferen ces in  vowels. Furthermore, they in d i­
cate that the success o f prediction can be expected to vary with ind iv id ­
ual vow els. I t  may be that the lack of a c loser rela tio n sh ip  between the 
sound pressure measures in  vowels and sentences r e f le c t s  d ifferen ces in  
the ch a ra cter istic s  o f  vowels in  iso la t io n  and vowels in  consonant con­
te x ts  o f  connected speech.
When the rela tion sh ip s among n a sa lity  ratings o f  vow els, senten­
ces played forward, and sentences played backward are examined, i t  i s  
found that the ratings for the vowels as a group correlate  more highly  
with ratings o f  the group o f  sentences played backward (rg = .55) than 
with ratin gs o f  the group o f  sentences played forward (rg = ,3 0 ) . When 
ratings o f  ind ividual vowels were correlated with ratings o f  the group o f  
sentences played forward and played backward, a sim ilar trend obtained. 
N asality  ratin gs for each vowel were correlated more highly w ith the ra t­
ings o f  sentences played backward than with ratings o f  sentences played 
fonrard. These findings suggest that the perceptual task  o f rating  vowels 
in  iso la tio n  may be more sim ilar to th at o f judging n a sa lity  in  sentences 
played backward than in  sentences played forward. The fin d in gs show th at 
the ratings o f  the low back vowels [a] and [o] correlated most highly  
with the ratings o f the group o f  sentences in  both the forward and back­
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ward play conditions. The correlation  c o e ff ic ie n ts  for [a] were .44 and 
.58 and those for [o] were ,5^ and .65 for forward and backward play, 
r esp ec tiv e ly . The higher pred ictive value o f the low back vowels may be 
related  to the finding o f  House and Stevens (3I) that these vowels require 
a greater degree o f n asa l-ora l coupling than other vowels to  be perceived 
as nasal and consequently, are b etter  ind icators o f the presence o f na­
s a l i ty  in  vow els. The s iz e  o f the correlations suggests th a t , even when 
the n a sa lity  ratin gs o f  the vowels [a] and [o] are used to estim ate the 
degree o f n a sa lity  in  connected speech, su bstan tia l error in  prediction  
may occur.
The present study also in d icates that a strong rela tion sh ip  ex­
i s t s  between n a sa lity  ratings o f  the sentences played forward and those o f  
the sentences played backward (rg = .8 4 ) . This finding i s  con sisten t with 
that reported by Sherman (53), who found a correlation  o f .89 between na­
s a l i ty  judgments obtained under conditions o f  forward and backward play.
The magnitude o f  the correlation  in d ica tes that judgments made under the 
two conditions are highly sim ilar and suggests that subjects with a given 
n a sa lity  rating  obtained under one condition would receive a sim ilar ra t­
ing in  the other. Sherman (53) and Spriestersbach (56) have suggested 
that ratings o f n a sa lity  made in  the backward play condition are more va lid  
in  that irre levan t factors such as m isarticu lations do not in fluence the 
judgments. The r e la t iv e  v a lid ity  o f the two procedures, however, remains 
open to question .
When the rela tion sh ip s between the sound pressure d ifferen ces and 
the corresponding n a sa lity  ratings o f  each group o f speech items are con­
sidered, i t  i s  observed th at the highest correlation  was obtained between 
sound pressure d ifferen ces in the sentences and n a sa lity  ratings o f the
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sentences in  the forward play condition (rg = .75)» Sound pressure d if ­
ferences in sentences and n a sa lity  ratings o f  the sentences in  the back­
ward play condition were le s s  highly correlated (rg = .6 0 ) , while sound 
pressure d ifferences and n a sa lity  ratings o f the vowels were poorly cor­
related  (rg = .2 2 ) . These findings suggest that measures o f nasal-"oral” 
sound pressure d ifferences and subjective ratings o f n a sa lity  are more 
highly related  in sentences than in vowels. They further suggest that 
the sound pressure d ifferences were more highly related  to subjective rat­
ings o f  sentences played forward than sentences played backward. I t  would 
appear reasonable to speculate, on the basis o f  these rela tion sh ip s, that 
the r e la tiv e  in ten sity  o f the nasal and "oral" speech signals serves as a 
cue in the perception o f n a sa lity  to a greater extent in  sentences as they  
are normally heard by the l is te n e r  (in the forward play condition), than 
i t  does in  vowels or in  sentences played backward. While the reasons for  
these re la tion sh ip s are not immediately apparent, i t  i s  o f in ter e st  that  
n a sa lity  ratings o f  vowels were found to be more highly related  to na­
s a l i ty  ratings o f  sentences played backward than to ratings o f sentences 
played forward. There i s  a suggestion, th erefore, that what the l is te n e r  
perceives as n a sa lity  in  vowels i s  sim ilar to that which he perceives in  
sentences played backward. Further, i t  appears that neither o f these per­
ceptions i s  as highly related to sound pressure d ifferences as that per­
ceived in  sentences played forward. I t  may be that the a b il ity  o f  the 
l is te n e r  to u t i l i z e  cues related  to sound pressure d ifferences i s  reduced 
in  judgments o f vowels or sentences played backward. I t  may also be that 
sound pressure d ifferences in  consonants, which are absent in  iso la ted  
vowels and le s s  w ell perceived in  sentences played backward, a ffe c t  the  
perception o f  n a sa lity  more than has been thought.
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The weak relation sh ip  between sound pressure d ifferen ces and 
n a sa lity  ratings o f the vowels as a group ( r g  = , 2 2 )  does not hold true 
for a l l  vow els. Moderately strong relationsh ip s were found for the low 
back vowels [q] and [3 ] (rg -  ,59 and .51 , r e sp e c tiv e ly ) . I t  w il l  be re­
ca lled  that the sound pressure d ifferen ces o f  these vowels were also  good 
predictors o f  the sound pressure d ifferen ces o f  the sentences and that 
n a sa lity  ratings o f  these vowels were the best predictors o f the degree 
o f perceived n a sa lity  in  sentences. Presumably, the fa c t that the spectra  
o f these vowels are le a s t  ea s ily  a ltered  by n asa l-ora l coupling makes them 
b etter  ind icators o f the presence o f n a sa lity  in  vow els. I t  might be 
speculated that when [a] i s  perceived to be n asa l, a l l  other vowels are 
l ik e ly  to be judged n asa l.
The correlation  c o e ffic ien ts  for the sound pressure d ifferen ces  
and n a sa lity  ratings for each o f the s ix  sentences played forward were 
highly sim ilar in  magnitude, while those for the ind ividual sentences 
played backward evidence variation s in magnitude. This suggests that the 
n a sa lity  ratings o f  each o f the sentences played forward were rather uni­
formly related  to nasal-"oral" sound pressure d ifferen ces in  th at sen­
ten ce , and that n a sa lity  ratings o f each o f  the sentences played backward 
were not rela ted  to the same degree to  nasal-"oral" sound pressure d if fe r ­
ences in  that sentence. This finding suggests that other fa c to rs , in  ad­
d ition  to nasal-"oral" sound pressure d ifferen ces , may have been operating  
in  the perception o f n a sa lity  in  the sentences played backward. To the 
extent that perceived "nasality" i s  related  to nasal-"oral" sound pressure 
d ifferen ces, i t  appears that n a sa lity  ratings o f sentences obtained by the 
technique o f backward play may not be as va lid  as those obtained on the 
basis o f  forward p lay .
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Following i s  a summary o f  the findings o f th is  in vestiga tion :
1. Greater mean n a sa l-”o ra l” sound pressure d ifferen ces occurred 
for the vowels [ i ]  and [u] than for the vowels [a e ], [a ] , [a ] , and [p]; 
the mean sound pressure d ifference for [ i ]  exceeded that for [u ],
2. Vowels characterized by high tongue placement were, on the 
average, associated  with greater sound pressure d ifferen ces than vowels 
with low tongue placement.
3. Sound pressure d ifferences among the s ix  sentences, which
were sim ilar in phonetic composition, were highly sim ilar ,
4 . S t a t is t ic a l ly  s ig n ifica n t d ifferen ces in  n a sa lity  ratings  
for the s ix  vowels were not found. Trends w ithin the data, however, sug­
gested that there was a tendency for front vowels to be rated more nasal 
than back vowels,
5 . N asa lity  ratings o f the s ix  sentences were very sim ilar, 
suggesting that each o f the s ix  sentences re flec ted  equally the n a sa lity  
present in the subject sample. This was true o f  ratings obtained under 
conditions o f  forward play and backward play.
6. The sound pressure d ifferen ces measured in  vowels were found 
to be moderately re la ted  to sound pressure d ifferen ces measured in  senten­
ces , Among the s ix  vow els, sound pressure d ifferen ces for [u] were most 
highly correlated with sound pressure in  sentences,
7. N asality  ratings o f  vowels as a group correlated more highly  
with ratings o f the group of sentences played backward than with ratings
o f  the group o f sentences played fomfard,
8 . N asality  ratings o f the vowels [a] and [o] correlated more 
highly with ratings o f the sentences as a group, in  both the forward and 
backward play conditions, than did n a sa lity  ratings o f the other vowels.
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9» N asality  ratings o f sentences obtained under conditions o f  
forward and backward play were highly rela ted .
10. N asality  ratings and sound pressure d ifferences were more 
highly rela ted  in sentences than in  vowels; for the sentences, sound 
pressure d ifferen ces are more highly related  to n a sa lity  ratin gs when ob­
tained in forward play than in backward play.
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Oral Examination Form
Name________________________________  Birthday___________ Sex___Subject #_
Address______________________________________Phone____________ Date______
Type o f G left__________________   Surgery Date_
Probe # F i lte r  #  ___________________ Date_
Lips
Describe d ev ia tio n s, sca rs , m ob ility . 
Pucker and Swing: Right L eft
P rotrusion-retraction Rate/5 seconds
Smiling: I s  there dev iation  to one side? (Right  Left  )
Number o f  tim es subject can say “bah" in  5 seconds_____
Mouth s iz e :  Small Average__ Large__ Opening during speech______
Tongue
Can subject poin t tongue on protrusion?_____
I s  there dev iation  to one side? (Right  Left )
Adequacy o f  grooving: Good Fair foor Unable to do 
Can subject la te r a liz e  tongue? Rate/lO seconds____
Does t ip  e levate  to  a lveo lar ridge (Mandible stableT? Rate/ 10 sec  
Number o f  tim es subject can say "tah" in  5 seconds
Number o f  tim es subject can say “kah“ in  5 seconds____
D entition
Type o f  version  Edentulous spaces
L abio--la  1 . M issing tooth  with space equal to  th a t tooth .
Lingua—l i  2 . Missing tooth  with space somewhat l e s s  than
Infra—i  th at tooth .
Supra—s 3 . Missing tooth  with only small space.
Probable hazard to  speech: None Mild Moderate Severe
O  O
°  § §
o o 9 Oo
o O
o
O 0
o
o
O
Upper Lower
Upper Jaw
Occlusion: Normal Neutroclusion D istoelu sion   M esioclusion
Crossbite: None__ Right L eft 
Open B ite: None___ Right Left Front ^
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Degree o f Malocclusion : None__Mild__ Moderate___Severe___
Probable hazard to speech: None Mild Moderate Severe 
M axillary and Mandibular Arches
Comparison o f  m axillary arch width to mandibular arch width:
Wider Equal Narrower Much narrower_
Probable hazard to  speech: None Mild Moderate  Severe 
Rate o f opening and closing  mandible in  10 seconds »
_ Average Low  Unusually low__
Mild Moderate Severe
Hard Palate
Palatal vau lting  : Unusually high_
Probable hazard to  speech: None__ __ __ __
Velum
Velar length: Adequate for closure__Short____ Very short_
Velar m obility: (Gag r e f le x )  Good__Fair Trace___None seen__
(Phonation) Good__Fair____ Trace___None seen__
Symmetry o f  lev a to r  action: Greater on r igh t Greater on l e f t  Equal_
D irection o f  v e la r  movement: Is  there evident backward movement?____
General nasopharyngeal closure; Inadequate  Fair  Good__
Posterior P illa r s
Do the posterior p i l la r s  move in  the d irection  o f  the pharyngeal w all 
during phonation? No  S lig h tly  Moderately  Touch back wall
Pharynx
Width: Narrow 1 2
Depth: Shallow 1 2
Anterior movement: None
Lateral movement; None
3 Wide 
3 Deep
Fair  Good_
Fair Good
Nasal Cavity
Septum: Deviated to  r ig h t Deviated to  l e f t   Norma l
Size o f  n o s tr i ls :  Small Average Moderately large Large 
Degree o f  obstruction: None__Minimal Almost complete___
Most patent n o s tr il:  Right Left Equal 
N asality: 5 4
Nasal Emission:
3 2 1 0 -1 -2  -3  -4  -5  
5 4 3 2 1 0
Hearing:
Right
500 1000 3000
L eft
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Sentences Used In Study
1 , Dad caught Sue's tu r t le s  by the shed.
2 , They hid Toots' birthday cake E ffie  bought,
3 , She bought b o ttle s  o f  pop over at those booths,
4 , He should see i f  Sue's book i s  good,
5 , Show Zed Bob's topcoat he has to take up,
6» The cook fed her fa t  hogs.
APPENDIX C 
Instru ctions
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Instructions To Subjects 
Please be seated comfortably in  th is  chair. During the experi­
ment, i t  i s  important that you hold your head very s t i l l ,  so s i t  in  a
comfortable p osition  and r e s t  your head on the headrest.
In th is  experiment you w ill  speak s ix  vowel sounds and s ix
short sentences in to  the microphone. The vowel sounds you are to pro­
duce are the underlined sounds in  the words printed on the cards: [ i ]
as in bee; [ æ  ] as in  cat; [q] as in  hot; [ a ]  as in  W t; [u] as in  boot;
and [d] as in  b a ll .  You are not to  say the en tire  word but only the 
part that i s  underlined. My a ssis ta n t w il l  hold the cards so they can 
be e a s ily  seen by you during the recording of the vowels and the senten­
ces . He w il l  a lso  say each speech item immediately before you speak i t .
You should say the vowel sounds loudly  enough that the needle 
on the VU meter w il l  peak a t "10". You w i l l  be given two sign a ls  on the 
sign al l ig h t s .  The yellow  l ig h t  w il l  come on b r ie f ly , ind icating  that  
you are to take a breath and get ready to make the sound. When the 
white l ig h t  comes on, you w il l  begin making the sound. You w il l  continue 
making the sound as long as the white l ig h t  i s  on, or for about three 
seconds. Be very carefu l to  peak the needle on the meter at "10". Some 
o f the sounds are weak sounds and w il l  have to be spoken loudly to peak
at "10". Some o f  the sounds are strong sounds and w il l  not have to be
spoken as loudly to peak the needle a t "10". You w il l  be given an oppor­
tu n ity  to practice  peaking the needle on the vowel sounds before a ctu a lly  
making the recording.
The s ix  sentences w il l  be s im ila r ly  spoken when the sign a ls  are 
given. Take a breath and get ready to speak when the yellow  lig h t  comes 
on, and than begin to speak the sentence when the white l ig h t  comes on.
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Speak in your normal rate o f speech and with your normal in f le c t io n . I f  
the white l ig h t  goes o f f  before you have fin ished the sentence, continue 
speaking u n t il  the sentence i s  fin ish ed . You w il l  not be able to keep 
the needle on the meter peaked a t *10" throughout the sentences. How­
ever, i t  should be peaked a t "10" on the louder words in  the sentences. 
The quieter portions o f  the sentences should be spoken loudly enough 
that the needle does not f a l l  below "5" on the meter. You w il l  be given  
an opportunity to practice the sentences before we actually  make the re­
cordings.
The probe-tube w il l  be inserted  about a quarter o f an inch into  
one o f your n o s tr i ls .  I t  w il l  not touch the w alls o f your nose, but i t  
may touch some hairs and t ic k le  s l ig h t ly .  I f  you w ill  turn a t is su e  
around in  your n o s tr i l ,  you can push the hairs back to the side o f  the 
n o s tr il so the probe-tube w il l  hardly touch them. Be sure th at you do 
not ra ise  or lower your head once the probe-tube has been put in  p lace. 
Your head w il l  be lo o se ly  strapped to the headrest to discourage movement 
o f the head. However, i f  i t  should be necessary for you to sneeze during 
the experiment, you can l i f t  your head up from the probe-tube, and then 
push away the adjustable arm on which the probe-tube microphone i s  a f­
fix ed , Are there any questions?
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Instructions To Judges 
You are to l i s t e n  to eighteen speech items produced by twenty 
c le f t  palate subjects in order to rate the n a sa lity  o f  each production. 
The speech items are s ix  iso la ted  vowels, s ix  sentences played forward 
and the same s ix  sentences played backward. The productions o f a given 
speech item by the twenty subjects w il l  be played in  a s e r ie s .  Before 
the playing o f  each production, a sample o f  four speakers, representing  
the two m ildest and the two severest cases o f  n a sa lity  among the twenty 
productions o f  th at item , w i l l  be presented. These four samples w il l  
serve as a reference o f  mild and severe n a sa lity . Following the play­
ing o f the four samples, the production th at i s  to be judged w il l  bo 
presented. You are to  rate the n a sa lity  o f  th is  production on a sca le  
from *1" to  "5“ in  which "1" represents mild n a sa lity  and "5* repre­
sents severe n a sa lity . ELease disregard as much as p ossib le  such fac­
tors as a r ticu la tio n , p itch , rhythm, in f le c t io n , phrasing, and voice  
q u a lit ie s  other than n a sa lity . Are there any questions?
APPENDIX D 
Nasal Sound Pressures
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TABLE 14
NASAL SOUND FRESSURES IN DECIBELS^
FOR EACH VOWEL BÏ SUBJECTS
SUBJECT VOWEL
[ i ] [^] [a] [ a ] [u] [3]
1 119 113 112 113 117 115
2 117 111 111 112 115 112
3 122 117 114 117 116 114
4 121 118 112 116 118 115
5 115 108 106 108 115 107
6 116 111 107 108 110 109
7 123 114 113 116 123 112
8 117 116 114 115 117 113
9 117 107 107 107 116 109
10 119 107 108 109 117 108
11 124 117 113 116 124 114
12 116 109 107 110 113 109
13 123 117 115 116 121 116
14 126 117 116 117 123 117
15 123 115 116 115 117 116
16 129 117 117 119 116 116
17 116 112 111 115 117 112
18 118 114 110 112 109 113
19 124 117 118 120 122 118
20 114 113 110 113 115 113
^Rei 0,0002 dyne/cm^
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TABLE 15
NASAL SOUND PRESSURES IN DECIBELS^
FOR EACH SENTENCE BY SUBJECTS
SUBJECT SENTENCE
1 2 3 4 5 6
1 113 113 112 113 113 113
2 106 108 106 107 107 108
3 100 97 99 102 101 98
4 114 113 114 114 113 111
5 108 106 110 112 109 109
6 101 102 101 102 101 98
7 115 111 113 113 111 109
8 110 109 110 107 108 108
9 108 105 107 109 108 106
10 111 113 114 114 110 111
11 116 116 119 111 115 114
12 102 102 98 99 101 104
13 118 115 114 115 113 115
14 114 115 113 115 113 110
15 119 119 119 121 116 118
16 117 119 117 119 120 116
17 114 116 113 115 117 113
18 109 106 106 108 105 107
19 117 118 114 118 117 116
20 108 106 111 108 109 108
*Re: 0,0002 dyne/m^
APPENDIX E 
"Oral” Sound Pressures
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TABLE 16
"ORAL" SOUND PRESSURES IN DECIBELS*'
FOR EACH VOWEL BY SUBJECTS
SUBJECT VOWEL
[ i ] fee] [a] [a ] [u] [3]
1 82 80 79 80 81 83
2 80 80 79 81 79 78
3 81 83 81 82 84 81
4 80 80 80 82 80 78
5 79 78 78 79 79 79
6 80 80 80 80 83 80
7 83 83 81 83 83 81
8 84 82 81 80 85 81
9 82 80 82 79 82 83
10 82 80 79 80 83 80
11 82 82 80 80 81 80
12 83 83 80 82 81 81
13 82 84 81 83 83 82
14 83 82 80 82 81 82
15 83 81 80 82 80 81
16 83 83 83 84 82 83
17 83 83 84 85 82 84
18 82 83 83 84 83 83
19 83 82 81 83 80 83
20 83 83 83 84 83 84
^Re: 0.0002 dyne/cm^
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TABLE 17
"ORAL" SOUND PRESSURES IN DECIBELS'*
FOR EACH SENTENCE BY SUBJECTS
SUBJECT SENTENCE
1 2 3 4 5 6
1 75 76 73 75 75 74
2 72 73 72 71 71 72
3 77 74 73 79 75 74
4 73 74 74 74 72 73
5 76 72 75 77 77 74
6 77 72 75 75 77 71
7 78 71 77 76 74 72
8 77 76 78 76 78 76
9 76 72 75 75 73 75
10 74 76 77 74 73 74
11 75 74 78 75 73 73
12 74 72 70 75 73 75
13 77 74 74 75 72 73
14 78 77 75 77 77 76
15 77 77 78 75 75 76
16 76 77 77 76 78 74
17 76 73 75 75 76 75
18 74 71 72 72 72 73
19 76 72 71 73 73 74
20 74 75 76 76 77 71
1Re; 0,0002 dyne/cm‘‘
APPENDIX F 
N asal-”Oral** Sound Pressure D ifferences
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TABLE 18
NASAL-"ORAL” SOUND PRESSURE DIFFERENCES IN
DECIBELS FOR EACH VOWEL BY SUBJECTS
SUBJECT VOWEL
Ci] fee] [a] Ca] [u] [3]
1 37 33 33 33 36 32
2 37 31 32 31 36 34
3 41 34 33 35 32 33
4 41 38 32 34 38 37
5 36 30 28 29 36 28
6 36 31 27 28 27 29
7 40 31 32 33 40 31
8 33 34 33 35 32 32
9 35 37 25 28 34 26
10 37 27 29 29 34 28
11 42 35 33 36 43 34
12 33 26 27 28 32 28
13 41 33 34 33 38 34
14 43 35 36 35 42 35
15 40 34 36 33 37 36
16 46 34 34 35 34 33
17 33 29 27 30 35 28
18 36 31 27 28 26 30
19 41 35 38 37 42 35
20 31 30 27 29 32 29
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TABLE 19
NASAL-"ORAL** SOUND PRESSURE DIFFERENCES IN
DECIBELS FOR EACH SENTENCE BY SUBJECTS
SUBJECT SENTENCE
1 2 3 4 5 6
1 38 37 39 38 38 39
2 34 35 34 36 36 36
3 23 23 26 23 26 24
4 41 39 40 40 41 38
5 32 34 35 35 32 35
6 24 30 26 27 24 27
7 37 40 36 37 37 37
8 33 33 32 31 30 32
9 32 33 32 34 35 31
10 37 38 37 40 37 37
11 41 42 41 36 42 41
12 28 30 28 24 28 29
13 41 41 40 40 41 42
14 36 38 38 38 36 34
15 42 42 41 46 41 42
16 41 42 40 43 42 42
17 38 43 38 40 41 38
18 35 35 34 36 33 34
19 41 46 43 45 44 42
20 34 31 35 32 32 37
APraWDIX Q 
N asality  Ratings
114-
TABLE 20
MEDIAN NASALITY RATINGS FOR EACH VOWEL
BY SUBJECTS
SUBJECT VOWEL
Ci] Ca] Ca] Cu] C3]
1 1 2 3 2 2 1.5
2 5 3.5 3 .5 4 1 5
3 4 5 3.5 5 2 3
4 4 .5 5 5 5 5 4 .5
5 3 4 3 3 5 3
6 3 2.5 1 1 1 1
7 5 1 2 4 2.5 3
8 4 .5 5 3 .5 3.5 3.5 2.5
9 3.5 3 1 2.5 4 2
10 3 1 1 1 1 1
11 5 2.5 5 4 2.5 4 .5
12 5 5 4 5 4 4 .5
13 4 4 4 .5 5 5 5
14 1 3 2 2 3 2
15 5 5 5 5 5 5
16 4 5 4 .5 5 5 5
17 4 3.5 1 4 .5 2 2
18 3 3 3 .5 5 2 4
19 5 5 5 3 3.5 4
20 2.5 2 4 2 .5 3.5 3 .5
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TABLE 21
MEDIAN NASALITY RATINGS FOR EACH SENTENCE
(FORWARD PLAY) BY SUBJECTS
SUBJECT SENTENCE
1 2 3 4 5 6
1 3.5 3 3.5 3 2 .5 3
2 4 5 5 5 4 .5 4
3 1 1 1 1 1 1
4 4 4 4 .5 5 4 4
5 3 4 3.5 4 3 3
6 1 1 1 1 1 1
7 3.5 3 3 4 4 3
8 2 2 1.5 1.5 1.5 1.5
9 3 3 4 3 2.5 2.5
10 2.5 3 3 3 2 2.5
11 ^.5 4 5 4 5 4
12 2 2 1 1 2 1.5
13 3 3 3 3 3.5 3
14 3 3 3 3 3 3
15 4 .5 5 5 5 5 5
16 5 5 5 5 5 5
17 5 4 .5 4 .5 4 .5 4 .5 4
18 ^.5 5 5 4 5 4
19 5 5 5 5 5 5
20 3 3 4 3 3 2
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TABLE 22
MEDIAN NASALITY RATINGS FOR EACH SENTENCE
(BACKWARD PLAY) BY SUBJECTS
SUBJECT SENTENCE
1 2 3 4 5 6
1 3 3 3 3 2.5 3
2 5 5 5 5 4 4.5
3 3 3 2 , 1.5 3.5 2.5
4 3.5 4 4.5 4 .5 3.5 4
5 4... 2 .5 3.5 4 4 3.5
6 1 1 1 1 1 1
7 2 3 3.5 3.5 3 3
8 3 3.5 1 2 1.5 2
9 4 4 4 3.5 3.5 /;
10 1 2.5 2.5 2.5 1 2.5
11 4 .5 5 5 5 4 .5 4 .5
12 3.5 3 2.5 2 .5 2 2
13 3 3 3.5 3 3 3
14 1 1 1 2 2.5 1
15 4 4 .5 4 .5 5 4 5
16 5 5 5 5 5 5
17 3 4 3 4 .5 3 4
18 4 4 4 4 4 4
19 5 5 5 5 5 5
20 3 4 3.5 3.5 4 3
